


THE ANNALS 

• Ob* 

KLe'cT 1 { 1 ;CIT;Y, 

MAGNETISM. AND CJAeMISTRY; 


^VtAvOtan of <!?jqpcttmottal Science. 


f ii.VOtCTKD BY 

NVILLIAM STURGEON. M.S.A. 

Snpt'riDtnMi* ni ol ihi* Koval Victoria Oallt-iry of Kractioa) Science^ 
Manrliosipj*, Latt^ LcTturrr on Ex^riinoiital Philosophy at the 
U'Jijitiirahle Ea' t fnilia Coinpauy s 5?ilitary Academy, Addis- 
('ouiIh' ; ^c<■. isLc. 

AVD Assi?TKi> nr <u:NTT.»M»:f xminrntt THEss departments op 
n V ' 

y • I'HiroSOPHT. 

• 

volume V. 

• • 

• ■ 

1 K)NJ) 0 N : ‘ 

i'l HLfcS!>HKl> BY >Hf:U\Vnoo, AM) PU'EU, PATER 

NONTEU ROW; BAXCKS A.ND 0O^*MAN€H ESTER. 

• 

Sold bt J. X^ce, Ilookscljor anT Et«ticm*'r, 140, West Strand, (near thi* 
LoTTiher Ar^iU>;) Mr, Soulcr, Booksialler, Ac., RU>’Elwt-‘street, Messrs. 
Hodf^es and Smith, and Fannin and Co., Dublin ; Iwaelachlan and Stew- 
art, and Carfrae and Son, Edinburgh; Mr. Uobortson, UlasgovjsMr 
.jUmiih, Aberdeen Mr. Dobson, No. 108, Che»nnt-»treet, Philadelphia 

jgsMid Wiley and Putman, Ngw York. • 












INDEX TO ’VOLUME V. 


^ ^ A. * • 

anew fat.^ y. *......* 473 

Aci(K the spiruilous and staticulous *473 

Address of the CJeneral Secretaries to th^ ^ritish Associ- * 

' at Glasgow ^ 3<^9 

Aetherification ^ 3.^2 

American IMiilosophical Society, proceedings of,V. ]45 

Answers to ( orrespondents 4fX) 

Armstrong, II. (i., Esq ? on the electricity of steam 40^2 

^Arsci»j^*, the detection of smjjl portions 4^3 

Arsenioiis acid and sulphuric acid, a new compound of.. 307 
AtinosjdKfic railwa}" carriages 1“>8 


Aurora ]>o:efllis ^ 3 Id, 4 00 

Auroral hell 4>d 


B, 

Meccjuerel, M., on electro -chemical piles 24i) 

Beet- root se.gar 388 

Bell, Li<'utenant H. A., sketch of Ins life 71 

Bl;ik<\ M., on the introduction of cerUiir^ salts in the way 

ot‘ circulation 143 

Booth, J. C'., Ksq., on a new metal...... 34 

^on the analysis pf iron ore 311 

— — . on beet root suga% 38S 

Boye‘, Marlin H,, lh.(|., on tiu* llie analysis of limestone.. 203 

Brewster, Sir D.'vid, on the decomposition of glass 47 

on the rings of polarization 477 

Briti.di A-ssiicialion Proceedings, at CAasgow, in the A’ear 

is4o....^ r.orr, :ui9, 473 

nBhsen, Fr^^ssor, on nitn»gen in organic bodies S4 

M . — on kakod^'le oi^anie bodies 30S 

• C. 

('.iloric, its )«’opagation in metal* 104 

(.’arhonate pf le:ul, m.inufacturc of 402 

Carhonie acitl. solidification of a 137 

Cart wrigfit, Samuel, Ksq., on the eleetro-type G.’d 

( ast-iron l)atteries, V**- Siurgf‘on's 121 

('hemfstry. organic.^ By M. Walter • 140 

Chromic-iron ore, the analysis of. ^ 31 1 

( larkc, Dr., 4 >n the detection of arsenic 48^ 

Clarke, Mr. Ldiah, on ele^nvinagnct engines 33 

on electro-magnet locomotive carriages 304 

Colour, on the change of, by heal * 224 



Connell, on the voltaic clecoilff)ositlo!i of alcohol... SOS 

Copal varnish 

Corallina anamalcules 4-b() 


Davison, Mr. Robert, on the elcetro-inagnet power 

Detrtochloride of platinum, nitric oxide, and hydrochloric 

• acid .... ... 

Dircks, Henry, •Es.q, on tlic^^ourse of the electric^fluid... 

/ K. . 


•IfTJ 


Electric currents { 

— kite, M. de lltvnas’s experiments w itli • 0 

Al)jtj>Nott£ t’s expcrinicntfe with 0 

Electric fluid, 4in the eour^b of. Iho 

Electricity in machinery — S'1'7 

^ o( stea in , . . * * 1 , 4 . V > 

... ... Lectures on • 10!, 4S7# 

Electro-chemical piles 

Electro-magnetic engine .* SS, lOS 

forces *. IN?, 

coil machines ... 

- ■ ' locomotive carriage SOt 

phenomena .. !2<)7, tips 

powers iiSO 

telegraph fiiK), ish 

Electrotoino. Ry ^j'hti|pia.s Wright, Emj O 

Electro-types iniJ. JSh, IinI 

Espv, James, Esq, on stonns 

Ettiing, Ur., on .spiroilons atid salieulous a< i^K ‘•7. 5 

Experimental re.'searcheij^ Dr. I'aiiid.iy’*.. Nl, lh‘) , S'Jl , lo7 


1 ’ 


Faraday, Dr., his experimental revfurt hes, I , I i 1 , 2 

ln> answer to ))r I Kire.-s ^Irielin es : 

Franklin, Dr,, hi.> e\ jdanatitai t^f etrtain appc,n;;nee;'. 

during lighting j|P||l 

Frog foiin.d in a coal 

Vuelis, l’rot’r>>-{;r on the analysis of 'ron ore.'.; 


.107 
1 lo 


.f. 


(r. 

Ci.'dvanic te.-ult.',, by Mr. .'^turgv*vin .* O '. 

fiardner, .Mr. Sr, on the mamificlnre oT white l<'ad..v Hio 

Mr. ( )h\ er 4V., cm uiagnetu' electneal m.tchines, . . ..qb 

(ilass, on tile decomposition ol‘ -17.» 

(ilass, thrcails, on the iiujuTfcct ela.sticity £»f b’fi 

(ilf)Ver, D. k. \V. F.Mj., tm a new method of ohlalnlng 

hyihobromic and* ii\ drir»dic acids .'.o> 

Gold, on the a.ssay of* :;j)) 

Goode, W*. II. Fs<]., on the imperfect elasticity of glass 
tiireatls :;♦* 



4 


V. 


Gregory, Professor, on urea in uric acid SO 7 

Grove, W. R. Esq , on electric currents 252 


• ' -ri. 

Hare, Dr., on the Congletiun of water 151 

his strictures 011 Dr. Faraday's theory 20 

his apparatus for deflagrating carljurets, phos- , 

^ phorets,’&c 115 

ilarris, W. Sno^.v, E‘-q., iiis ’iigh?ning c^^nductors 1, 208 

'oft the eflects of Jiglitning ■ 41 

Haye.s, Mr. Augustus, on the action of VaHallic tin on its * 

nfliriatic solutions 'U)2 

Herric, Mr. E. C., on the aurora bcyealis . ^ .‘JlO, 4b0‘ 


Holland, Mr. Homer, on the carbonate of lead 

Human Fossil, su]>pose(l to be antedelyvian ifOy 

Ink, *011 the manufacture ot^ black 

Iron ores, on the analysis of. 2184 

• J. * 

Johnson, I’rofc.ssor, A.Nf., on the solidiflcation of carbonic 

acid 137 

Johnson, Professor, A.M., on the resin of Sarcocolla... ... ISl 


Joule, J. P. E.s<j., on electro-magnetic forces 187, 


K. 

Kakodyle ? TOB 

Keir, Janu's Ksq.,‘on the dissolution of metals in acids &c. 427 

Kingsbridge cimrch struck by lightning 

Kohel, ProfcsSsor Von, on electrotypes l.qi) 

L. 

t.atanium, a new niet.d ; 34 

l.ea, M ,C ary, Eh(| , on the analysis of iron ore 311 

I.idures, ou cleetricily 401., 

I.cyden jarn charge of, by simple contact of metals 241 

Liebig Pro*ssor, on organic chemistry 3^2 

— ^ ^ on poisons 173 

Lightning, eflVets on shipping L 4ih 41, 42, 4.3, 44, 4f, 4? 

on buildings,.^ 43, 48, 4J 

Dr. Franklin's explanation wf certain 

app<*araftces of L..., O J 

Lightning conductors, report on Mr. Snow Harris's I 

in the French navy 4 

cost of Mr. Harris's 14 

Lime, its separalian from magnesia ld<) 

Limestones on the analvsis of ? 203 

• * ^ 

.M. 

M agnetic eleT'trical machines ^ '^9^ 

Magendic, M. on organic chemistry .i. ^^^9 


i 



VI. 


Marianini, frofessor, on peculiar Leyden jar experi 


ments 241 

Mariner’s compass, the discovery of , 7‘J 

Metals, on the dissolution of, in a^ids * 

Meteoric mass, the analysis of 1 3 

Mohr* Dr. on a new mode ijf preparing morphia .‘{08 

^forfit, AI. on a new metal tlti- 

* * •« 

/ W. • • 

Nitric Tacid, its action on combinations df potassium .. . 47:f 

Nitrogen, mode of esrfrdating it in organic bodies 484 

• O. 

Od^r electric^. 30r> 

Or^nic cheij^istry 382 

P. 

Paslcy, Colonel C. B., his cxpcrintpnts against the Royal 

George - h7 

Pattison, W. L. Esq., on the electricity of steam 4r»() 

Pelcet, M. on steam guages* 810 

Pendulum, a compensating 18 > 

Penny, Professor Freilerick, on the action of nitric acid 

on combination of Potassium 47 S 

on a new salt 

Playfair, Dr, on a new fat arid 178 

Polarization on the rings of 477 

Poisons, contagions, and miasms 4i> ? 

Photogenic drawing . 7.7, 881 

Kaisin sugar 3<K) 

Resin sa rcocol la t 4- 8 1 

Rogers, Dr. R. E., on liinestoncs 

Romas, M. de, his electrical kite cxperimtM»t> b ’ 

Rose, Professor IJenrich, *on /litherificalion .‘kVi 

Royal George, the wreck of, destroyed by (iolonel Paslcy 


C. R *'»7, lo.> 


. . 

Salt, a new', from iodine and soda 48i 

Schafteut), Dr., on a ju*\v compound of ar^enious ai#l sul- 
phuric acids :)()7 

.... . on photogenic draw ing ,881 

Schonbein, Professor, on cJiange of colour by heat 

• — on tJu* electric odour^ :J()8 

Schroder, Professor, on the propagation of heat in metals 104 

Smith, Mr. Azariah^on electricity :U)J 

Soda, manufacture of — ^ :i!l2 

Steam, the electricity of. 472, 4oh* 

* arrangement of. * .'J 1 0 

Storms, Mr. E spy’s theory of 442 



vii. 


Sturgeon, William, his cast-iron batteries 66 

: his experimental and theoretical re- 

seafchoa 121, 293 

his strictures on Mr. J. Harris’s light- 

nin^T con cl actors 53 

^ his Sixth letter ! > Mr. Snow Harris on , 

do 220 

on prtlvanic results 365 

hist Icmentary lectures on electricity, 

magnetism, 401, 487 

Sulphnric acid, on the tests of. 479 

I elc'grap’i, electro magnetic 299 , 337, 48(j 

'1 hoiiipson, f)r. 1*. I on tests for sulphuric acid 479 

fiTi, on the action of, on its muriatic solutions 302 

i r'ic/!, Prof (r., on the analysis of a meteoric mass,- 31 .S 

U. 


L'rea in uye acid 307 

Urine, on the crystals of 309 

V. 


Voltaic decompositUiTi of alcohol S08 

\ egetahle vvnx, bleaching of 306 

X'oitajv hnUery, experiments with, DanielVs 131 

Si ace’s 132 

r,ro\Vs 133, 293 


Sturgeop's. 6C>, 294, 29 S, 296 


Walter, M. o!» organic chemistry..- 3 40 

Wlhtt' lead, manufacture of ? 4(i0 

Wight, rhomas, I'sq., on a new clectro-tome 30 

his electro-magnetic engine 108 

coil macluno 31-9 




TIIK ANN.ALS 

or . 

ELECTRICITY, MAGNETISM, 
* AND CHEMISTRY; 

AND 

<!3u«ivi)ftan of %xpcrtmtntal Sttencr. 



JANUARY, li4.J. 


On the Idenlihf of the Ordinttri/ and foUaic Electricity, By 
J. (looDMAN, Esq., M.R.C.S., &:c. 

Uf’iiJ at Iho lli»yal ^ i« Gallery i»f Practical SciPuco, Manebo filer, at 

ill** C'*ili versazU'Ue, Oclobcr 1810. 

1. "rii(* views of electrieiaiis which have been so long enter- 
tained with regard to the identity of the electricities, the gal- 
vanic, frictional, and* magnetic, appeair to have commanded and 
obtaiiK* l^alniost univcr.sal assent. The Experiments, however, 
upon record, whicli I have hitherto }>erused, such as those of 
r^r. V\ ollasloii, and others, and the more recent ones of Dr. 
Faraday, although manifesting in a hig^i degree the analogy of 
galvanic and ordinary electricity, arc .still not perfertly decisive, 
anil ior reasons wliich will be hereafter adduced, have im- 
pre.MHl me wit^i the nece.ssity of still further carrying on the 
inquiry. •Id ubt nut but to many^minds the expt?riments of 
the illustrioius individuals above n.-imed may appear hually con- 
clusive and s/Hisfactory ; but if there still remain those wlio are 
discontented, unless tlie two fluids so testeil bS submitted to 
exactly simihir circumstances, he testeil* by 'indeed the same 
apparatus, effect chemical ami other changes in precisely the 
same quaiily of inateiyals, evince the govermiient of the same 
laws in its conduction, insulation, polarity, &c., (se# -i-l. 42, 44. 
45.) and be indeed imiuKled into a perfectljii identical form of 
fluid ; if in thq substance of the ensuing paper experiments be 
found which can add satisfaction to, and set the matter finally 
at rest in the Tninds of the latter class of iiidividuahs, this, and 
this alone, will fulfil the objects of the following investigation. 
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. On thg Analogy of Ordinary and Voliaic EUvUricUy. 

' 4. On Jprfit surveying the distinctive characters of the two 
’fluids,' Wc find a wide unbounded contrast, and an unlimited 
bf properties. On the one hand our attention is di- 
Vecfltcd to the roaring and tempestuous biiAt of fluids from the 
extensive, immense, and imineiisnrable distances, polariz- 
,ibg, as it were, heaven and earth at the same moment, and 
traversing with, fleetest strjdes the remote boundaries of 'the 
terestrial and celestial emffire ,• dw^ustation, destruction, anti 
ruin, marking frequently the footsfeps of this subtile iJgent ; 
whilst the other is siTently, slowly, anti almost imperceptibly 
executing the most beautiful, useful, and interesting prodftetions 
of the material universe. ^ It appearetl that to attempt the esta- 
blishment of identity between fluids of such opposite characters, 
it would bbcorne necessary to endeavour to mould the one under 
investigation, as nearly as possible, to the characters and pre^- 
parties of the opposing kind. ‘ 

5. The subject which appeared least satisfactory, and which 
has induced me more p# rticularly to cornmeiicg a further in- 
quiry, is« the decomposition of water by ordinary electricity ; 
an experiment which it is well known has so frequently been 
accomplished by the galvanic fluid. For although this clecoiu- 
position had l)een effected by many individuals, I am not aware 
that the gases were ever collected in a completely separate 
state, and submitted to a perfect analysis, and if we c*ontemj)late 
the manner in which •the experiment has generally been ))er- 
formed, it has been without any reference to the character of’ 
the fluid imitated, and, as may be gathered from some of the fol- 
lowing experiments, with vtmstly unsatisfactory results. ("S. 1.'^.) 
I doubt not, therefors, I shall be excniscd the boldness of my 
attempt, in endeavouring (although the subject ha.^ flufed in the 
hands of the eminent) to establish the analogy of these fluids by 
experiments w hich hav^ at all times been looked upon as pos- 
sessing the most decisive character. 

4', Finding, on the onset of iny erujuiry, the tension of ordi- 
nary electricity, in C!ompaiison w'ith tlmt of tin.* most powerful 
voltaic battery, to be very umeh superior, and that thi# property 
may be instantly diminished (as w'ill be shortly Exhibited) (see 
14) by charging a Leyden ^ar, I determined •upon at once 
drawing out a statem^jnt of the properties of thcfralvanic and 
frictional electricities, to direct and guide me in all my future 
experiments. 

5. Galvanic eicetneit}^ for instance, aS existing in a common 
battery, or single peir of' plates, usually presents the following 
properties or chafaeters.: — 1. It is produced in a continuous 
stream of one or two fluids of opposite kinds, oiie positive, the 
other negative. — S. The two stream.'^ or currents of }K>sitive 
and negative electricities hav^e a constant and mutual attraction 
for each other, there being a continual tendency of the positive 
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fluid to pass to the negative body, and to no other. — >3. The 
j^alvanic fluid is subject to the influence of induction, or polariza- 
tion of the most contiguous Jtind, being produced by the 
assumed oppositely electrical conditions of the atoms of matter 
when in absolute contacly and hence the tension of this flui^ or 
its capability of passing through a x^n-conducting medium, is 
csemedingly Hmitedy and may also be termed ^tomic. — 4. It is* 
conducted badly by metals^ and s#^cely at all by water.— 5. 
Its attractive and repulsivc*po\vers are also of Xhe feeblest kind, 
for without a considerable number of ftlternations of plate;^, 
gold heaves cannot be diverged, nor any effect produced upon 
the pith ball or other electrometers. — fi. Its physiological effects 
are very feeble in proportion to the quantity of the fluid, nor 
are they experienced at all unless contact of the polos be made 
and broken, — 7. 'fhe poltffe of this fluid* do not require insula- 
tion, {^consequence of No. 2 aiid 3. — H. Its quantity is exceed- 
ingly great, and far surpassing the amount of fluid generated 
by an ordinary electrical machine. — y. It is incapable of being 
accumulated ^n the shape of charge ; •one instantaneous contact 
with the coating of a Leyden jar being productive of as great 
an amount of electric fluid as the continuation of the same for 
{iny length of time, its quantity being alone obtainable in a con- 
tinuous current. — 10. By iilcreasing the polarizing influence by 
a given number of alternations, tension becomes apparent, is 
rendered evident by the p.assing of a i^ark and other effects, 
anil by still further augmenting this influence, a greater degree 
of tension is obtained, altogether, however, much inferior to 
the effects of this kind in the ordinary electricity. 

fi. If -we now proccetl to contrast th^se peculiarities of the 
galvanic* fluids with tlie modified forms of fluid under which 
frii’tional and terial electricity appear, we find that tlie fluid 
termed lightening, and that which passes in spiirks from the 
mai'hine, differ luiist widely from the properties herein -de- 
scrilied- Now it is singular that these very forms of electricity 
should have li^jcn almost tlie only kinds made use of in the in« 
vestif^atiqns of philosophers in imitating the galvanic action, 
ami it is also yiore singular, that in*ill the expt'-riments (except 
the first) no i|pgative )iole w'as eycr made use of which had a 
mutual ileconiposing dependence with the positive, and, con- 
sequently, Rearing not the slightest reseftibla^ice to the proper- 
ties of the galvanic fluid, cvspecially as describcjd (No. 5. 2.) 

7. Dr. Wollaston’s* experiments were perfbrmed chiefly by 
sparks from the machine of various dimensions,* and in one 
instance by current alone, but at the same time with only one 
pole, and, say % lie, the api^arance of two currents of air may 
also be imitated by occasioiTiiig the electricity to pass by fine 
points of confhiunication on both sides of the water, but, in 
fact, the resemblance is not complete, for in every way in 
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whkh I tried it, I observed that each wire ^ave both oxygen 
and hydrogen gas, instead of their being formed se|)arately, as 
by the electric pile/* Perhaps ^it is unnecessary to state that 
here no mention is made of connecting nrnre than one pole to 
aii3j electrical bo<ly whatever. 

• 8. In 1807 Sir H. Dav^ immersed a guarded plat inn point 

connected with- the machine in distilled water, and dissip^ed 
the electricity from the waftr iflto <lic air by moistened fila- 
ments of cotton. In^ this %vay it Ts stated that he obtained 
oxygen and hydrogen separately from each other. 

In 1832, the late Mr. Barry communicated a paper to the 
Boyal Society, stating to have decomposeil water by electricity, 
and to haye obtained separate oxjgen and hydrogen, from ii 
kite-string in communication with one wire or |>ole, whilst the 
other wire was merely connectet^with the ground. 

10. In the experiments of Dr. Faraday, (I l)eheve our latest 

authority upon this subject) as stated in his series of experi- 
mental researches in electficity in 1 833, in tlic rU^ibiTtposition of 
water, it is stated, (5^9) *‘if with a constant pair of points the 
electricity be passed from the machine in a certain por- 

tion of gas is evolved, but if the sparks be rendered shorter, less 
gas is evolved, and if no sparka be passed, there is scarcely a 
sensible portion of gas set free. On substituting solution of 
sulpimte of soda for yater, scarcely a sensible quantity of gas 
could be procured, even with powerful sparks, and nearly uont: 
with the mere current. (330.) “When what I consider the 
true effect only was obtaineil, the quantity of gas given off was 
so small that I could ijfrt Ascertain whether it was as it ought 
to be, oxygen at one wire and hydrogen at the othe r/'* 

11. As the other decomposition.s perfonninl by this celebrated 
philosopher appear to have been accomph.shed by attaching the 
positive pole to the prune conductor, and the negative to the 
“discharging train/' (321) iiisnot iinprobabU* that the decom- 
position of water was attemped by him in the «ame manner, 
btit the fact is not stated. W^ith regard to the expeyme^t of 
Sir H. Davy, Dr. Faraday adds in a note to (471^ series .'J, that 
“ it does not remove any of the ohj(‘Ction3 I havg made to the 
use of WoUaikiiiti apparatus as a test of true chemical action f ’ 
of the one quoted.by Barry, he remarks, (33p) “ifor have any 
of the numerous philosophers who iiave (inploycd such an 
apparatus obtainatl any such decomposition either of w^ater or 
of a ncutral^alt by the use of the machine /' also, (342) “ Mr. 
Barry's experiment is a very important one to repeat and verify. 
If confirmed, it will be# as far as I am aware, the fust recorded 
Oisf of true electro-chemical deemposiiiofi of n^htcr by ctmmm 

A very simile remark also made by him. (359.) 

It is apparent from what is recorded of these experiments 
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that no attention was ever paid to tJie propertiea of galvanic 
electricity described (No. 5. 2.) via., of providing poles depen- 
dent one upon the other for Recomposing power and action. 
The positive pole was at all times Connected to a positively 
charged body, but the negative pole was attached to maj^ter, 
either in the natural state of electriisation (sjx^aking of it as a 
nfUfes) as in the case of the ** discharging traiji" used by Ur.* 
Faraday, the “ground” b^gth# latelWr. Barry, the “ air" by Sir 
M. Uavy, &c., or in a negative state to which the fluid from the 
{)ositive pole had no special tendc'ucy* to ]>ag8 the nvgniii'c 
conrfmfor, (see now 45.) of which, nevertheless, we li.ue, 1 
believe no positive stJiteinent that it was ever used at all. Dr. 
Uaraday also remarks, concerning the poles used by ^^'ollaston, 
“ that the poles, or rather points, have no mutual decomposing 
dependence may be shewft by substituting a wire, or the finger 
for orw? of them, a change which does not at all interfere with 
the other, though it stops all action at the charged pole.'’ 

111. On ejyunining the ramlificatiojs of the eiertric fluid de- 
rived from the machine, or lightning, we find it existing in two 
very opposite conditions, determined by the distance ofpolariz- 
ing bodies, or the thickness of the insulating medium throngh 
wliich the polarization is effected. I’hus lightning and the 
s)>arks from the machine (the kinds generally employed by 
t’iectrician.s in imitating g.ilvanic decomposition) are subject 
only to vertf distant polarization, (see Nca 5. 3.) and may be de- 
nominated ;rcc c/cc/ric//y, from their capability of passing to 
afu/ body in their vicinity, (see No. 2,) having no tendency to 
pa.^s to one conductor more than arjother, except from conti- 
guity, being in an interrupted stream #»r streams (see No. 1,) 
possessing the most nnhoumlcd icftskm, (see No. 3,) powerful, 
attr.'K'live, and repulsive powers, (see No. 5,) ooaducteci excel- 
lently by Tnetals and with great facihyr by water, (see No. 4,) 
riiysiological effects only when the current is broken or inten- 
sity very great, ^see No. h.) Insulation essential to its very 
existence, (>^). 7.) Its cpiantity is excwdingly small, (No. 8.) 
but*canj)e accumulated to any amount. (No. {),) 

14. The t fusion obtained by the influence of this polariza- 
tion gives to^he fluid considfrafffr mechanical force and ponder- 
ful momenismt, and- by the expansive charactef tlnis obtained, 
the prcs.sure of the atmosphere, and or water (when passing 
thro\!gh that fluid) is more forcibly resisted and susbuned. By 
this means an exccc(tingly quantity oWectricity may he 

remlered visible by expansion (17. b) and may appear to the 
observer as fluid of great quantify, and " high intensity” (17. a) 
The influenesi by which this mwlification of electricity is go- 
verned, I have named rnnole polarizatiout and when this kiiul 
of electricity *18 submitted to the action of polarizing influence 
of the proximate kind within its immediate neighbourhood. 
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as in ooatingB of a Leyden jar or other thin insulator, we 
6nd that the spark from the prime conductor which was capable 
of passing’ one inch, under these circumstances, will now only 
pass one~twentietli of that distance. The fact is instantly shewn 
by first taking a spark from the prime conductor, and observ- 
ing^ the passing distance i^|id the heigJit of an ©lectroineter in 
fconnection with* the machine. If now a Leyden jar of asly 
kind be connected to the cot^luctpr, ^the electrometer instantly 
falls, and the passing distance of a spark will be reduced Jo, at 
le^t, one- twentieth of «it8 former magnitude. 1 find, also, tliat 
with the inter{)ositioii of electrics of various thickne&ser very 
different effects are produced. Thus \iMth a passing th'stance of 
one-tenth of an inch and if very thin lamiine of mica, three di»:* 
cliarges onl^ passed in one turn of the machine, the elet!tro- 
meier b.eing at 1 1 of an arbitrary scide. With glass one-thir- 
teenth of an inch thick — and the same passing di8tan<;(f; — 31 
discharges occurred in one turn, tlje electromelcr being at 
16‘ degrees. (See also 23. 2*. 25.) 

15. The tension, therefore, is by this Tnevint^* considerahly 

diminished. 1. The production of flukl under this influence in 
a cKHitinued stream (5. 1.) presented many difficulties, but will 
be described furtber <m in the paper. 2. The mutttal attrac- 
tion of one pole fbr the other, when attached to tht?be polar iaed 
cxNitings or surfaces, and the tendency of the fluid of thg posi- 
tive to |iMiss to the negative and no other, (as in .5. 2.) 
are very manifest. 5. The attractive and repulsive powers 
are also diminished. 4. It is much less easily conducted by 
water, and even metals, any quantify #1' olei’tricity under 
remote polarization. ^ Ine physiological effects are fi^eble 
where only a current exists, but nlanife^•ted l>y making and 
breaking conta^. 7. The poles do not require itisulation, in 
consequence m No. 2. 8. The quantity may bo rerutered 

greater than tliat from Uie machine alone, (of which hereafter.) 
10. By increasing the polarizing influence by a given number of 
alternatiotis of jars, tension is considerably augmeisted. 

16. From the knowledge^f the extensive? modificatu«i o(^ the 

ordinary electricity thus effected by indiictive inflaence, 1 have 
been induced to divide the jwlftrizatkm of elect^ici^cy into three 
kinds: 1, The (femtiguous, or atomic; 2, The proxtgiate ; and 
3, The remote, * 

17- In passing, it Would be well to tlefino the meaning of the 
terms tension and Tntensity, which f have adopted in this pafier, 
sttice it appeals that very differ<*nt constructions arc commonly 
appcixided to these intpprtant tenns. (a) I observe Dr. Faraday 
speaking of tension and intensity 12 — 13f0) as of one 

and Ihe same property, (see index tension 1370. intensity 1 370,) 
aleoserietd, (392) ordinary elertricity termed electricity of 
eaalled intensity f and ( 4 1 !>) electricity of** high tension.'' I 
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find in another ptiblication^ Henley's electrometer dWctibed as 
for the purpose of measuring “ the intensity of the electricity .” 
1 also meet with in anothi^^cgk, that one of the principal cir- 
cumstances in which volute differs from ordinaiy electricity is 

the very lore state of intensity in which it exists in the for|ner 
when compared with tlie latter.” iKow the terms appear to 
m*#to denote two electrical conditions very different from eaeff 
other. (b) By tlie term tenHjpn ^or any meaning I can attach to it) 
.appears to l>e understood •polarizing j>ower, transferring force, 
capability of passing, a forcible stretcliihg or expansion frqyi 
the edtire towards the circumference ; and this appears to me to 
apply admirably to the nature of ordinary electricity, as obtained 
from the prime conductor, electricity of high tension.” (c) 
But by the term intensity I should undct'stand condensation, or 
concentration from the ctrcumference towards the centre, that of 
large quantity recluct^d to a very small compa.s$, thus a burning 
lens condenses the rays of the sun, so as to bring ^em to a 
focal centre, where the highest degree of intensity of heat is 
experienced. * This property is also ^exhibited by the quantity 
voltaic battery, where a fine platina wire is interposed in the 
current, it becomes immediately red hot, and is retained at a 
red heat so long as the battery continues in action. The same 
may be said of the passt^e of an ordinary electrical battery 
charge, through such a wire, a large quantity ot fluid is in this 
instjince also compressed into the narro% limits of a small con- 
ductor, and exhibits its intensity by rendering the wire mo- 
mentarily reti hot. If the quantity of fluid be augmented, or 
wire diminished, a greater intensity of effect will be the result, 
as shown frequently by fusion of th^ conductor. * 

IS. From this view of the subject, therefore’, it would appear 
that intensity has nothing to do with the properties of a spark 
from an ordinary electrical machine. With a giv^ quantity of 
electrical charge, the tension (or capability of passing) from the 
polarizing to the polarized body or surface, will be in ratio with 
the distance df the two polariz^^ bodies, (a) Thus the tension 
(or ^aBsing distance) of contiguous jmlarization is atomic ; of a 
I.reyden jar, siiider proximate polanzation, the distance of the 
thickness of llie glass \ of the fl^id from the prime conductor, 
under remc^ polarization, the distance of a b^y in which it is 
capable of inducing a given polarity; of the fluid from a cloud 
(also under remote polarization) to the earth, &c. (b) Now the 

tension of all these el^rical forces under similar circumstances, 
will be continually' tne same, according to the sqprce whence 
each is derived, (c) Thus, if electricity l>e excited by a small 
machine?, a snark of given dimensions Wilt be the result in a 
given time, and it will be ifnjwssible to obtain from the same 
machine, under the same circumstances, a spark of greater mag- 
nitude. If a large machine also produce a given spark, a 
similar one may cceferis paribus at any time be obtained. 
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(dl) .ChAi^ a j«r by means the apark so obtained, whieii 'vn^iil 
no^ be^piile its source^and the result will be a s^>ark as just e?t- 
)di^t0d;dMninislied at least to its origtiml dimensions, 

is impossible) by any meanit)' to oliktain albnr«vards the 
dutd so polarized^ in dimensions greater than that to which 
it is now reduced jby polarization, (e) 1 doubt not, but fiuid 
Submitted to the influence of atomic polarization would, under 
the same circumstances, ^^omje dikiaooes, wliich after- 

wiwrds could not cff^teris paribus be increased, (f.) Combine a 
number of electrical machines, and an increase iu the quan>tUy» 
and to some extent in tlie tension will be the>re8ult; (g) Hut me 
method by which the passing distance or tension oi* ordinary 
electicity is most considerably increased, after proximate poltu- 
ization of that fluid, is by the combined influence of a number of 
polarized surfaces. If six insulated jers, connected by ctmdacv 
tors, so chat the outside coating i^f the first shall comm\pucate 
with the inside of the second, outer of second with inside of 
third, and so on throughout the series, he charged, by con* 
necting the first Jar with the prime conductor, the%uter coating 
of the last-being in connexion with the negative conductors, an 
eilqdofiioa from the inner coating of the first to the outer lining 
of the last will take place about times as far as iVom any 
two surfaces of a single jar by ordinary method of discharg- 
ing. Tension, ^erefore, is diminislied in ratio with the degree 
of cont^uity of polarization, increased by quantity, and 
gceatly increased by reciprocal polarization. 

19 . In pursuing my experimenUs, I abtaineil {ler mission to 
tnake use of tlie large plate maciiine in tii^ Manchester lioyal 
Victoria Gallery ; a p\ate'^ whose diameter is about five feet, 
having four rubbers, and considered a fii ist rate ruachind ; sparks 
of ten inches in length may be readily obtained from the prime 
eondue^Uw when in good order. On attempting to decompose 
water by the current aldne (as hLrcafter) with this machine, 
I was exca«^i>gly surprized to find little, if any, more gas 
eliminated from the poles tlian could be obtaiued by uiy own 
machine, the cylinder being only fourteen inches in ^meter. 
1 have since Inten led to th^ conclusion, that probably thick- 
nsss if ike glass in the clectri^l machine, delernpnes the pass- 
||ig distance, or tension, ummeutive force, and size of spark, 
(see 14.) • 

One surface of the gia'^s receiving, by friction, an enorcosed 
ommli^y of electaic matter not naiurally^ belonging to k, in- 
duces polarisation of the “molecules*' (Dr. Fari^ay) through- 
out die whede substance of the ghisa, and causes the dovelope- 
of free, tirtdfsgflised fluid on tljc opposite aiprlace. If the 
4^0Clrieity be now collected from the latter surlhce, the electric 
iirisiild be hdl in the condition of a charged Leyden Jar; one 
sitrftce positive and one negative 
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But if the fluid be collected fVora the charged surface alone^ 
(as is usual,) the disturbed fluid at the opposite surface, toge- 
ther With the forced condition o{ the molecules , would conjointly 
tend to induce the rehioval of the fluid from the charged surface 
with a force in ratio with the amount of polarized molecujes, 
Of thickness of the electric which they*compo$e. ^see 14. 19, g.)^ 

20. Apply these ideas and facts to voltaic electricity. It is 
produced and stil continu^ uifderthe influence of atomic polar- 
ization. Take one pair of plates, for instance, the passing dis- 
tance ^8 atomic. By increasing the size of the plates, as in the 
quantity battery, or adding a number of plates in which there 
shall be a connection of all the zinc together, to form one pole, 
and of all the copper plates to form the opposite pole, the 
quantity shall be muck imcftasedt and the tension or ^ssing dis* 
tance slightly so. ( 1 7 - f.) But if (as is well known) a number of 
alternations of plates be so arranged, that the first positive plate 
(the copper one) be in conducting communication with the 
second negative one, (zinc) a non-cogducting medium be inter- 
posed between the two, the second plate with the third negative, 
and 80 on through the series, by which the various alternatioras 
are placed in the most advantageous position for aiding and 
assisting each other, (reciprocal polarization,) a considerable in- 
crease cf tension, or pass'mg distance, wilt be the result ; a few 
alternations will readily manifest the electric spark, and a very 
large number exhibit electric attraction and repulsion, and pro- 
duce a brilliant spark, attended with the most splendid exhibi- 
tion of electric light in existence, and with a tension equal to 
about 1-SOth of aii^inch in cold, agd three or four inches in 
heated gir. (17. g.) With these views h proceeded to the prac- 
tical application of the subject. 

On the Analogy of Ordinary andfl^oUaic Electricity, 

21. Finding that ordinary electricity, under the influence 
ot yroximat^ }>olarization, approaches nearer in character to 
the voltaic than any otlier modification, I proceeded to de- 
compose water by means of an ap^ratus in which the princi- 
ple of the Leyden jar formed tl^ most prominent feature. 1 at 
first made nse of uncoated wires, as in the experiment by M. 
M. Pacts, Van Troostwyk, and Deimair, and altliough bubbles 
of gas did make their appearance upon the platina wires, there 
is every reason to believe them to have consisted entirely of car- 
bonic acid gas, since the water made use of at,tluit time was 
pump water, and the gas ceased to make its appearance after a 
very short period. Very shortly afterwards*! coated fine platina 
wires (rediic^ to a m<^ennely fine point) with glass, by lush- 
ing them m4ubes, and melting the glass around, and grinding 
whilst the point appeared, &c., as in Wollaston's ex])eriment. 
After severak trials, I found that one Leyden jar insulated, its 

B 
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ttiternal m comrauuksation with the and its ex- 
ternal, the negative conductor* produced the 

quantity of gas* one pole being connect^ to the outer coating, 
and a from the other placed at such a distance from the 
knob of the jar, that the electricity would pass in small and very 
rapkl shocks* By this m^^uis I obtained iVom one pole, on 
*14th of July,, in about an hour, S-^rds of an inch of gas in a 
small tube receiver; the quhptity in the tube situs^d over the 
other pole did not at the close of experiment contain near 
so much gas* but in testing the former by passing an electrical 
s^ark through it, it explod^, and left about one-third ita origi- 
nal bulk, so that there would be probably (supposing the re- 
mainder to be hydrogen) two parts oxygen to seven hydrogen 
in the whple amount, i. e. (considering the whole to be nine 
parts) three remained and four hydrogen exploded, with two 
of oxygen* , 

92. About the same period 1 completed an increasing battery 
upon the principle of the six jars already described, and by a 
little contrivance of two /oUtor^ rods. A* B., froAi which pro- 
jecting wires alternately came in contact with and discharged 
the vmole series, through the two guarded poles by shocks. 
(I, 9, 3, 4, 5, 6.) By this means a very rapid. decompositton of 
water was effected — two-thirds of an inch of gas in the hydro- 
gen tube could now be produced in from twenty minutes to half 
an hour, but by pass^g a spark, the instantaneous disappear^- 
ones of nearly the whole amount of gas in the tube was the 
result, shewing clearly that the decomposition was of mixed 
gases at each pole* I found, also, that the^poles in this experi- 
ment had no mutual, de^cmippstng dependence,^' as stated by 
Dr. Faraday concerning the decomposition by Dr. Wollaston, 
and that any other conductor in ctinnection with the outer coat- 
ing of the jar did not interfere with the formation of gas at the 
opposite pole; therefore*each pole is of itself by shocks capa- 
ble of decomposing. (See now 43.) 

93. In pursuing the subject of proximate polari&ation, accord- 
ing to die rule of distance already laid down, I was in searc^h for 
a material of nonconductiilig properties which would allow the 
two polarising surfaces to ap^oach as nearly af> possible, and 
by this means I was in hopes that effects might produced 
veiy much resembling^those of die galvanic electricity. Indeed 
1 wasincjtned atone period to imagine that no decomposition of 
msettr identical wilh j^vanic could be obtained, unless we could 
sobject the ejectric fluid to the atomic polarisation* , Tke mafe- 
l4al wlrioh I fixed upon was the thinnest lamina of inksa which 
It itVas possible tw pnfduce by slitting, at is usual in microscopic 
expertmciiu. ;T pladed a smaTl bit?‘of dnfoil on^lts u^pet aiid 
ttimor surface imd charged it. On tesdng its* physiologic^ 
pdv^er^, 1 fotstsd that a quarter or half a turn of my mawine 
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produced by this means a charge vhich shook the elf)ows vio« 
feotly. „ TIte power, intleed, of the machine appeared consider- 
ably heightened in contrast with the elfects of the thinnest 
charged phial I coul<h meet witn. The very smallest distance 
of break in the circuit (apparently contact) at which a b|ill 
could be placed from the positively charged coating, gave con- 
stant shocks and sparks between the^balls, so thaf here we have * 
an excellent illustration' ef gne^f Ihe propositions where it is 
stated (14.) that proximate polarization diminishes the tension of 
the machine, one-twentieth or more. The f^rime conductor fron| 
which this was charged will at any period (when in moderate 
order) give sparks from two to three inches ; but by being in 
contact with two almost contiguous *polarizing surfaces, the 
spark will not pass the i-lOOth of an inch until the mica be 
charged, and it is only the distance now which the so charged 
mica hag tension enough to pass which regulates the period of 
discharging. 


By the golarized mica and gua^ed platina poles, I suc- 
ceeded in decomposing water apparently much more rapidiy 
than by any other means. By an experiment with a given pass- 
ing distance of two balls (S-lOths inch apart) the charge of a 
jar exploded by one turn of the machine, and with the same 
distance (the jar being removed) twenty sparks passed in one 
turn with the same apparatus, but a very fine lamina of mica 
being interposed instead of a jar, the disebar^ would not pass 
at all, and in six turns the lamina was pierced by eXplsion and 
destroyed. With the mica I obtained eigfd distinct shocks, felt 
in one linger of each»hand up to the wrist, during one turn-— 
the passing distance being about l-50tn o^ an inch. 

2.5. With the Leyden jar instead of the mica, (the jar being 
l-20tb inch thick) 1 placed the balls at a distance apparently 
imperceptible, perhaps l-80th inch, obtained distinct 

shocks, and this ai\crwards by contact, the lacquer of the b^dls 
alone intervening. In this last experiment we learn that polar- 
ization of glassfcan be effected to a much greater distoce than 
discharge through air ; the fluid will,^ore readily polarize to 
the distance of f-20th inch than pass l-SOth, or even the dis- 
tance of the lac4|ucr covering the lidls. 

26. On the^Slst of July, I passed 3-4>th^inch sparks through 
the decomposing apparatus, and obtained a decomposition of 
water, but on contrasting it with the quantity obtains through 
the medium of a sinallri^eyden phial, the discharges occurring 
as frequently «s the sparks for a given number of tdms of the 
machine, I obtained about double-sized glgbules of gzs, from 
the dischars^ of the phis), tq.what were obtained by the sim- 
ple spark When the spark was made use of. po star ap- 

peared upon the apex of the ^le, as is always the case when a- 
Leyden mscharge is made use of. Upon attempting to decom- 
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pos^ by tlfe current alone 'without any break in the circuit, and 
with, the jxtles as yet made use of, no gas made its appearance at 
either pole. It may be well here to remark that through a fine 
platina point, in which the electricity is fqf cibly confirm^ to the 
limits of the most minute conductor, if an attempt be made to 
pails a shock of any magn^ude, the constricting portion of glass 
•is instantly and forcibly removed, and the platina laid bare for 
a considerable portion of length, so that tlie pole by this 
means becomes utterly useless. * * 

, 27- From the results of these experiments the idea suggested 
itself that a twofold condition of each pole, one dating* and 
the other instantly afterj^the passage of the electric discharge 
of spark or shock migli^ occur, and by this means be the 
reason why oxygen and hydrogen were found products from 
each pole. This idea was also somewhat strengmened by find- 
ing that Or. Faraday discoveaed a two- fold condition of an 
electro-ma^etic wire, and opposite effects from the same, 
upon making or breaking contact see series 2st — {11, 14, 15, 
&c.) The slight defiettion (says he) of the nsWdle oc*curiing 
at the moment of completing the connection, was always in one 
direction, and the equally snght defi€^ctton, prmiuecd when' the 
contact was broken, was in the other direction/' To prove the 
aame by experiment 1 first charged a jar, insulated as usual, and 
eocmected to the positive and negative conductors, having first 
appcsided a wire po^to each coating, terminating in a ball, and 
about three-quarters of an incdi apart, and to and at the end of 
the negative, a slender wire terminating in a pith ball. The 
ball was repelled from its perpendicular by excited wax until 
the disdbarge passed,^ when it was instanuy attracted and re- 
tained (still out of its perpendicular) by the wax £br a short 
period, thus manifesting a nc^tive state of* the negative pole, 
during the charge, and a positive or natural state of the same 
during, or instantly after, the passage of the contents of the jar. 
I next suspended a pith ball by a glass thread in the vicinity of 
the negative pole of the jar ; during the charging of the jar the 
ball acUiered firmly to the terminauon of the pom, but int^antly 
on discharging the jar, the pith ball forcibly sepaiAxted, and 
was repelled to a distance, and found to be attrabl^ by excited 
eealftig wax. By this experiment also, a two4bld condition, 
first negative and then positive, of the pole in coettaet with the 
outer coating of the jar, is pr^y fairly exhibited. Finally, I 
procured an ele^roscope, (a pith ball terminating the extremity 
of a fine glass filament, which filament was iupported by a 
xicedjl^ pifint, insulated, and thus allowing the rofistton of the 
fillfigSmt upon its •axis), this I arrange between the two termi- 
nating bidls of the I/ej^den jar — tfie ball of die electroscope be- 
came positively electrified and pointed constantbr. to the 
ttve tet^inating ball during the charging of tiSe jar— >but in- 
stantljr ctl the explosion taking place, the pith ball was r^fielled 



By Mr| Goodman/ IS 

• • 

tow*ards and attracted by the positive terminating h^ll, soine- 
times as near as possible^ but contact was purposely prevented; 
This waa invariably the case during a dozen or more repetitions 
of the experiment. Upon applying excited sealing wax the pith 
ball was attracted stfongly, shewing the same to be positively 
electrilSed. In all these experiments the ball was fb^ attracted 
to the pt^tive pole — it then recedecha little until the residuum 
vrjk discharged^ aflier which a permanent attraction was the* 
result. The most rational mAhoif of accounting for the alter*, 
nately opposite electrical dindition of each pole is by supposing 
the charge to pass in a globular volume.* Thus : — 

Kg. Ij P'p. ' P o 

- ,, ^ p I-. ■ -I - 

rjg. 2. P T* _ P P np • 

• • ny the Fmnklinipn hypotbesM. 

During the passage of the charge at the termination of the 
positive pole^. the opposing end of the negative pole n. would 
be negatived by the polarizing inHuence of ,p. But the moment 
the charge arrives at n (rept esented by p. ng. 2) the termina- 
tion of the positive pole would be negatived by the inductive 
influence of the charge at p. fig. 2. 

2S. If, then, the poles of a Leyden jar be alternately positive 
and negative, or negative and positive, yhicb has been already 
seen, there isno diflicultyin explaining why oxygen and hydrogen 
gases are formed at each pole, and independently of each other. 
If it is fouml that the negative p<de of a voltaic battery invari- 
ably seta at Hber^ Hydrogen gas — tBe p^tive pole oxygen, and 
each pole of theXeyden jar 1^ altematdy ne^tive and positive, 
or vice verea, the { decomposition by the Tatter with mixed 
hydrogen and oxygen gases at each pole, is identical wi^ the 
principles of decomposition exhibited 4>y the voltaic apparatus ; 
ibr if fr{>m each pole a single gas should be alone obtiune<l, the 
pole itself being continually ch^ged, the effect would be indeed 
differ ant from that of the galvanic jAienomena." It appears, 
therefore, that by the use of sparles or shocks, or indeed any 
break in th% electrical current,^ we do not produce a decom- 
posing eff^ truly identical with that of the voltaic batteiy, 
there being*raixea gases^elhninated by each pole. 


f^To be continued, J 
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Ah InoesHj^ion of the Lateral Eaj^Mha, pf ^ Elecm 
Iricit^ cominunicated to the Eteclrical ClfouU, in a 2>w- 
\tparge. By Jourph PRis^ttfEV, lX*Dp F.R,9* Ftom tjiij 
Phil, iVans. for the year 1770. 

• • i .. 

♦ ■ S^eral yearat before Df. P. made any expetimmu in elec* 
tiKtity, eiceepi witb a view te anm^ himself and his IViends, be 
hi^ob#rved, that in dt8chrr^ng*jai«, and partfeularly sueh as 
were filled with water,^ without any coating on the outside^ he 
felt a slight shock ; though it was plain that the blind in whic^ 
he held the discharging rod made no part of the circuit. Mr. 
Wtlsatl^ also, in his first eKpM^ments bn the Leyden phiah oh* 
se^ed, that bodies placed without the electric circuit would be 
affected with the shocks if th<^ werepnly in contact with any 
part of iit, or veiy near it. Analogous to this was his observa* 
tien^ that if the circuit was not ihade of metals, or othef very 
good condttctmst the person who laid hold of them, in order to 
per^srm the eoeperiment, ^It a considerable shocli^ in that ann 
winch was m contact with the circuit. See History of £l^ 
tricity, p. p5. Lastly, in the course of his experiments ^ilth 
large electrical batteries, he found the force of this lateral ex- 
plosion, as he calls it, to be very consideralde : for be sevewd 
timet 4^served, that a chain which communicated with riie 
outside of the battery, but which made no part of the circuit, 
made a bladk stain m a piece of white paper, on which it acd*^ 
dentally lay, almost as deep as the cimn that formed the cir^ 
cuit^ ( History, p. 644.) And when, in order to judge, by bis 
feelkig, <^the lateral force of electrical expk>sions, he made it 
paw over a part of his nrked arm, the hairs of the skin ^ere all 
singed, wid the papsHee pyramidales raised, mil only along 1^ 
paw of the exidosioo, but also wherever any part of the chain 
had touched it, thoagh ni^ in the circuit ]!b* p. 686. 

It was to ascertain the nature and effects of this lateral ex* 
plosion, that the following experiments were made. ^ Not having 
the teaW d«Hibt, but that if any electric spark passed betwe^ a 
body that was insulated, andMtnother, the instated body would 
appear, eithdt to have received or to have lost ek^ii^ctty ; he 
imagined that nothing more wis to be done thatf tp insulate 
bodies placed wi^in die, infiu^ce of the electric tdrnuit, with 
pith balls hanging firom them ; and on their diverging with the 
eleotrie immediately to observe of what kind &e electri- 

city had conducted was ; and previoua to the eaqseriment 
he H wo^ld be negative ; sui^osix^ that the 

duti^ dUs^Ihe insktj} coatii^, in an intermpt^ circuit, was . 
not 'ahli felp 'lupply the outude ^ enough. And tince thb 
larger jp^sufi^ body was, the greater qoan^ of the elec- 
tric ffw fl 'Voa capable of receiving, or patting wi&, and con- 
aeqiWliSjr uie more sensible the effort would he ; he l^an with 
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»asp^#;^|On fiUcen stnag^, a pasteboard tube^ covered witjh 
i^ntc^,Jfee^ long and 4 inches thick,, with large knots at 
each ^ and a brass ball (at the end of an iron rod, which 
conunuhicated with fhe outside of the jar) was placed within 
about a quarter of an inch of it; while the mscharge was 
made through an insulated internipted ciicujt^ no pari of. 
wh4ch was kss than two feet froip the insulsn^ tube. On 
making the explosion, the ipai4 a|9peared as he expected ; hut 
to hia great surprise, he could not find that either positive or 
negative electricity was communicated io the insulated tube. 
Ncutber the pith-balls, nor the finest threads diverged, or 
moved in the least, at or ailer the discharge ; though, evei^ 
thing else remaining in the same state, tlie least sensible electn- 
city communicated to this tube (a quantity so smal>as hardly 
to be visible, in the form of a spark, at the time of the com- 
niunic^ton) made the balls and the threads separate to a great 
distance, and would have kept them ip a state of divergency 
more than im hour. , Lest a small dearee of motion or diver- 
gency should Escape notice while he was Intent on making the 
discharge, he had an assistant along with him, whose eye was 
on the threads all tiie time the Dr. wf'.a making the experiment. 

The experiment, as will easily foe imagined, shook his whole 
hypothesis, ancf confounded all his ideas. He could not ques- 
tion the fact, liaving repeated tlie experiment, with precisely the 
same event, above times, on account nf having been li^ly 
able to believe his own senses, or those of othefrs There was 
an evident electric spark, sometimes near half an inch in length, 
between the bodies aomposing the electric circuit and the insu- 
la^ tube, in such a state <d* the air aashe knew, by frequent 
trials, would have*kept it electrified a long time, and yef there 
was no comtnunioation of electricity. He did not remember 
that be was ever more piizsled with ^v appearance in naUire 
than tie was with this ; and in the night following these ex- 
periments endless were the schemes that occutred^^^ him of 
account!^ fowthem, and the methods with which >he proposed 
to difersiiy them the next morning. In order to find! <H|t the cause 
of this strange*phenomenon. Accordingly, he wasijita sooner at 
liberty to attend to thU experiment, but repeating it with some 
difierence in^e disposition of the apparatus, he observed that 
on every di^arge a slight motion was*given to ^e threads 
that hung from the insulated tube. On this the impossibility 
of an electHc spark, jieitber giving nor taking anything from 
an insula^ body, contrary to most attentive observation, 
and that of his assistants^ he concluded that ^ome motion must 
have been given to the weads the day befdle ; especially when 
he fbund that* in these latet experiments tlie communicated 
electricity Wfia.a1ways positive, the same with that of the inside 
of the jar^; but the quantity it was so small, thal, the most 
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i^qaisite coQttlyafice was necessary to ascertain ot 

It; for on this occasion tn^ lateral a|^rlc was ** neat’ a 

quarter of rni inch in length, tfie thr^cHs^on tliie ih^ufatecl tube 
coqld only be made, by the explosion, to change their position, 
from Ij^ning a little one uray, to leaning as much the other, in 
*the neighbourhood of an insulated brass rod, %aded wi^i a 
small quan^ty of positive dl^^negptive electricity. * 

. Dr^ P. could not help, however, being surpria^ that S9 large 
IV spark ahoold give ho more electridty to the tnsulatec) lube 
than it appeared to have done ; when, in other circumsiances, 
a spark ten times less thap this would have made a great ancl 
permanfnt alteration ; yet improbable as these circumstances 
were, Ite entertained no doubt at that time, but tliat these insu- 
lated bodies were electrified, either jjfositively or negatively, ac- 
cording as the inside of the jar was positive or negative,, by this 
lateral explosion, though the degree was exceedingly small, and 
he continued in this persuasion the longer, as it happened to be 
a considerable time befoi% be got anotiier spark that communi- 
cated no sensible electricity. Dr. P. cannot help taking notice, 
that if it had hap|)ened, that in his first experiment the insu- 
lated tube had always acquired or lost the least sensible elec- 
tricity, (and as he afterwards frund there w^ens many diancTcs 
against the first result,) he should have formed, and have ac- 
quiesced in, some of hypothesis, to account tor the giving 
or reiving of electricity in those circumstances, and there the 
business would have etided, but the seeming contrariety of these 
appearances obliged him to pursue them ^irtlier. 

Not being able coinpletely to satisfy himself with bis last.con- 
clusioa> attended with the difficulties above u^entioneQ, he kept 
diversifring the experiments, and introducing every circum- 
stance tnat ne could imagine might possibly affect the result of 
them^ and among the rest, he made the following experiments 
which quite unhinged him again, and left him as much at a loss 
as ever he had been before. Having suspended a fine thread 
on an insulated brass rod placed abont 1-8^ of an ^inclt from 
another rod* which was lil^ewise insulated* and ope end ofwhidi 
was in contact with the coapng of the jar, am^ having electri- 
fied the rod that supported t(ic pith-balls, ami placed a rod 
loaded with the same electricity near them, he tmserved that 
hfi every discharge, the balls, which befiire were repelled, were 
Inseai^ attracted by the electrical rod, and that the result was 
iovarkmly |he same whether they and tife rotl were loaded witli 
posittvo or t^gative electridty, and also whether tite jar was 
i^b^ged positively^ negatively. He repealed the experhhent 
teaaverm hours without the least variation in the^venti which 
proved that in these circumstances tile e}etstririty of ilie 
iW fbat received the lateral explosion was discharged by it 

Afterwards, Dr. P. repealed this experiment with some little 
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variety^ found tha electricity of the rod only lessened by 
the iMoral eKplottob. These experiments^ hoii^er, by no 
nieaoa ^v^red the euppositlon^f the uniform communication 
of electriei^« eit^r Ibat of die inside or that of the outside of 
the jar: and with the ibrmer experiments, conTinoed 

y itn that du^lateral spark by no mealls produce4 the effect that » 
mi|Bjht have been esmected in communicating electricity. But 
with the next set <n experimeifts the difficulty began a little to 
clear up^ and eontiimed to tio so graduall]^ till he jimned all the 
sarif^ctlon he could wish for, with respect to mis pitaaltng 
phfenoiheiiion. The first time that he was able to vary the elec* 
tricity of die insulated body placed near the electric circuit, or 
of the bodies tliat formed the circuit, (which he now began to 
attend tO,l by any different adtjustment of the appafatus, was 
on the Allowing occasion. 

Near*to an iron rod, that touched the bottom of a jar charg^ed 
positively, he placed another insulated rod, with a pair of pith 
balls hanging it ; and observed, th«t when he attempted to 
make the discharge through an imperfectly conducting circuit, 
(bringing for instance, part of the table into it), a strong spark 
passed between the insulated rod and the other that touched the 
jar, and immediately the balls separated as far as they possibly 
could ; and, continuing in a repulsive state, appeared to be 
electrified negatively. But immediately completing the circuit 
with good conductors, and making the refiminder of the explo- 
sion in full spark ; another mrk passed between the two rods, 
and immediately ^e balls fell dose together ag^ ; and some;* 
times would separateVitii the opposite, or positive, electriciQr. 

Dr. F. (;ould not, on this occasion, roalie the lateral spark, in 
the fall explosion, so great as in the -imperfect discharge* Be 
also observed, that the more interrupt^ the circuit was, the 
farther would the lateral explosion reach ; and that the electri- 
city, whkh the full explosion communicated, was always posi«> 
tive wheih the iar was chained positively, and negative when it 
was negatively. The result of the imperfect discharge 

was aTwaj^ the reveise. Insulating bedies, and the jar 

too, charged pbsitively, tliey all ecjually contracted positive 
flcctricity by «c discharge. • 

In this state of the experiments, he hail no idea of the possi- 
bility of the late*‘al spark not communicatiug electricity to the 
insulated body ; but be imagined that the Idt^ of electricity 
cmiUunicaled dependid on some circumatancse in t!;ie ditiposi- 
tion of the apparatus, that he was not sufficiently av^e of. , At 
length recallecttn|f, that this last experinm^r&semlded. in some 
respec^ that enrioue one of professor Bichman, mention^ 
the History, of ^Electricity, p. ,272, in which it appeared, that 
when the oof^iig,<^ .eimr ^e of a plate of glass coiunuinir 
Bated with the ground, the opposite electricity of the other side 

C 
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mm^ig^orbus-; be ;#a8 jHitibfied itliat the XMigfttive ekc^dty 
<^t]}e'l>odiiM thbi; IbmM tbe droiitt in the 

' the gieetev ^(fiedltiy wtih wMeh the eutwe 
was inside TO«d^ leihsit 

^ obtdde wei GOiii|i«n^vel 5 r in e state ethiinletion^ intd 
« ^)steiio^ wottid eamni^ negetitie .elecielciti^ ell Mks 
Whhinr fts^ieacSi. And frein this he wt Ml te eeiiichid%%n, 
the jar was insuldbd, itidethe inaide ipms mede to pert 
Its el^etHci^ 'iT’th move ditBhaHy then Ihe outside fe- 
k, the bodies that formed the cimik MnM ernttrect 
positive electridtj^; and the result answered exactly bi#es|iee^ 
rations. He also concluded, thnt« making the interroptiofi in 
^ mldi^e of the circuit, since, in tliis case, the inside would 
|fiVe, and the outside receive, with ^uid difficulty, the bodies 
in the circuit, places between the place of interruptioa. and the 
inaide of the jar, would be charged positively ; and those placed 
between the place of interruption and the outside, would be 
chasged negatively ; and this also was verified Igr experiment. 

In this state of thinga. Dr, P. found that he could give the 
insulated circuit what kind of electricity be pleased, provided 
there was any kind of interruption in some part of the dr- 
cuit ; and conjecturing that the electricity if bodi^ placed near 
the circuit would be the same with that of the bodies that cum- 
posed H, he sometimes placed the rod that supported the pith 
halls near the circuity and sometimes introduced it into the 
circuit ; and found, tMt, in both cases, it eontroctcil the same 
eieetricity. This tended to confinn him in the supposition; that 
tM lateim explosion waa always attended with a giving or re- 
ceiving of electrtrity,* according to the nature of tjie circuit, 
and the place where it was situated , and be win overiodtecl 
the dilpropottion between the cause and tbe ed^. 

Presently after diis,* it occurred to him, that what may be 
redun^nt electricity of the outside or inside of jar, sepa- 
rates that which is in the glass, and constitjAtes the charge, 
must have some ooncem in this event; and the enppositien was 
verified % fhet. For intulating a jar, charge^ jpcdltively , he 
ohsi^rved, that when he toufhf^ the outside coating last (as is 
tommmly d<me in setting it down) and madS? i&disctmige 
Ubroagh good comiutftors, they were all electrifiaiUKUultfvely ; 
iwidliodM 1^^ tbe dreuit were the same- On the con* 
tranr, if; aner^pkemg the jar on the stand> he Umched the 
iBhtm of wife, cenisntmicatiiig with die in^i^ so as to ^e 
U^all Ihi fUdundanl elsctrieity ; bath the circuit and ihs 
bo or ing bodies ofintractod negative electricity. 


P. had at this time quite *forgot that Jbmtie hlld made 
observatidn, on dtsduirging a pUrte oC air, mentioiied 
^m' Htttory of ‘Electridty, p. S73 ; hut mu^Mng what be 
aUys on that subject, he found he was miitakeii widt respect to 
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the* reafl^ pi'Uus eKperiipent not succeeding with D». Franklin 
and otihierii; who had always iWMierted^ lhat thej^etric circuit 
contracts no electricity at all by a discbarge. For he says, 
that the^surfanes wil^ wliic^ l^e doctor trm tii« s^fieriiiient, 
wore noit liem enoagh to make the effect scndble^ and that the 
distance 'iMT me tnetid plates was likewise too small, as, he 
it necessarily must be in the charj^a^ of glass: whereas h^ 
could gfire the msulAted ctrcoH'bs smsible lAec^rieity with a 
coiMonJttT, as he ctmld witfT his^Iate of air ; and mudi more 
depends on the' height of* the charge, '¥i;^ich nmat have been 
thcon|idelrab1e in the plate of air, than the quantity of aar&oe ; 
Which, however, may be increased at pleasure, by maltiplyiiig 
jars in batteries, • 

Helound, howey^, afterwards, that much* depeiided on die 
quantity of surface in the coating, and the bouiea connected 
as containing more of tliat redundant electricity, 
the e^ct of which was seen in the last mentioned experiment. 
For when he discharged the jar, standing in contact with the 
prime conductor, the tendency to the scomnmnication of positive 
electricity was so great, that, in that situation, the insulated 
circuit contracted strong positive electricity, when, every thing 
else remaining the same, except removing it from the con- 
ductor, and then making the discharge, it contracted no elec- 
tricity at all. 

Being now perfectly master of the electricity of the circuit 
in electrical explosions, and being able. In two different me- 
thods, to give which of the two electrid^es he pleased f he 
imagined tW, if Iw could so balance them, as to communicate 
neither, there would be no lateral as in the abovemen- 

tioned dkperiments ; but in this he was absolutdy mistaken. 
For, in the first place, when, setting the diaig^ jar ujton 
the stand, he took oC as near as he Could guess, one-half of 
the redundant electricity of the inside, and left both sides 
equally , clarified (as app^red by the equal attraction of the 
pith balls to dhem both), the discharge ii the jay dirough a 
Ctrdhit dC conductors did not, indeed, communicf^ the 
least sensibiewelectncity to the circuit, but the lateral explo»ou 
was almost manifest as beforp. I'fae pith balls, hung upon 
the rod that received it, never separated. In the next place, 
he r^ieated this experiment by balancing the two different 
methods of communicating c^actrieity to^die cireoh, one against 
the ckhir. For, not instating the j«r, bu^ seSttng it on. the 
wbi<^ gave tht ctreult sm the bodhes oontmiions to It an 
ndvantsge for contesting positive electricity by l3w disetege ; 
but, at die same tee, making an iuterrupithn in te wreoit ^by 
introducing pktt of die iidile into it, whiw tended to give them 
negative testrici^) ; he could easily manage it so, that the 
clrcttlt ctexacied weldier die one ncy die odier; and yet, as in 
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the Ibmer eese, the latent explosion was as ccM^dereble as 
. ^ expex^im|m^ he placed 101 

i||^ies"in diai|ae ^4 l^andi'ana smoad}^ s<f as eapllj p 0^ 
w^ any electricify it had get, in the place of the rod 
«aappart^ the pith balls ; and having found a altualM in" Whirah 
no electricity was csbiinnunieiited to thedtrtilt, he elOMrrod IhaC 
none yns edmmunicated to it, thnugh. to all appearance, it no* 
cdved a roadk of abcmt i of Inch intength. At least, if H had 
oentrad^ any, it was so ftttie, as to make it veiy |St»bieniatt* 
cal, whether a pith ball, or a hue thread, was imn^ bf it^ ^ 
not: whereas, when he ^ve it the smallest sensible spark isi 
any other manneri it would attract those light bodies for a lo% 
time together. The interruption of the cnrcuit made use of in 
this experiment, was not by means ot any part of the table, but 
only about a yard of brass chfln introduced into it, and dis- 
posed between the inside of jthe jar and that part of the circuit 
near which the insulated ^11 was placed. N.B. J^he ball must 
not be placed near the jar itself; for, in that situation, he found 
that, though H was very smooth, and perfectly spherical, yet it 
could not be placed very near the mitSHieof the jar standing on 
the table, without contracting negative electricity, in a very 
small space of time.. 


These experiments threw him back into hit former state of 
perplexity, with respect to the lateral spark ; since, when the 
two electricities of the circuit were exactly balanced, it was very 
little dlminish^l, az^ yet the body that received it was not in 
the least senatbly electriherl. BCi, on reflArtion, be conclitdcd. 


thitf lateral spark rausir be of the nature of an cxplcpion, and 
con8eq[uently, that an electric spark must enter, and pass dtt 
i^j^ain, within so short a space of time, as not to be distinguished, 
knd leave no sensible effpk whatever r tor though, in this case, 
part of the electric matter natural to the body must be repelled, 
to make room tor the foreign electricity, its restoration to its 
ittttorid State was m quick, that no other motion* could «^es- 
pond to it This hyjpotheiis is favoured by the obsenrsetion, 
it is fhe vety^me thirg, whether a body be tnixoduced into a 
circuit^ Of placed near it, witlrtrespect to contraetbig electricity ; 
that IS, tvbether the electric eharge enter the body at one place, 
aiidi (0 otn at another^ or whether it be received and emitted at 
tito satne ^ace. Tliis lateral explosion is an cflPect aimihur to a 
pditial circuit, ifi which, part of the eleqftric matter thm ^ms 
the charge in an explosion, goes one way, while theceit df the 
goes anothfr^ the <mTy diderence Is, that this detodieci 
Jwt of the charge leaves the common tra^, apd returns to it 
ia the very same place. 

tomark^e partial circuits ot^;^arred.|it course of 
his exp^hnents before, pizticularly one, nientim^ in the llis« 
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tory of Bl^Ptridty, 692, in wliU^ {Mixt only of th{ exjiloaion 
padsed in tlio shorteit way, wliBe atiolib<^,|Hii^ of it took a dr- 
coit, of tN same maieriaU^ SO timea at lone ; and 

atiiMhar* if^ttonc^ m (>9t^ wi>m onedr<n|it waa tiia4o ttwough 
a of 11 ^^ i^onci^6r« at tlia ^e.tiine, dirough 

open mi*.' . 

fhaft Utere »• an a4tniadoii and jm exi^odoiCof tiie eJeots^c* 
matter^ In tbit latetd ezplaaleni tefins evident, iVom tliiia ctr«- 
cumstance, that it ia far more cunBulerable when the body that 
rdeetvea it i« large, than when it i» amall.* In the former ea^ 
them va room for the electric matter, natnral to the body, to 
mtire, on the adrotsaion of the foreign electricity belonging to 
the charge ; whereat, in the latter case, there is not room for 
it. When he placed a small brass ball, of about a qnarter of an 
indi in diameter, near circuit, be could not perceive that it 
was aUall aHected by any lateral explosion ; and the spark was 
very inconsiderable, when, he placed a needle, almut two inches 
in length, to yeceive it ; but when he connected the large tube 
above mentioned, by means of a prefty thick iron wire, or any 
body whatever, placed in the neiglibourhood of the circuit, he 
hail ( with a jar oi only half a square foot of coating glass) made 
the lateral explosion, an inch or more in length, consisting of a 
very full and bright spark of electric 6re* Insulated bodies, of 
about eight or nine feet in length, seem to admit as large a 
lateral explosion as any body wli^tever is camble of: for, con- 
necting them with the ground, by means of the best conductors 
(which gave the electric matter in the bodies, the freest recess 
possible}, he could |iever make this explosion much more con- 
siderable, using the same jar, and til gther circumstances the 
s^me. * 

It is a manifest advantage in these experiments, that the 
lateral explosion be not taken fhmi the coat^ of die jar itself, 
or from imy part of the circuit, very near to it. He found that, 
caeteris paribus, it is tbe most considerable when taken at 
extrem^ of a brass rod, of one foot, or a foot and a half long, 
dm mhof end of which is contiguous to the jar. It is analcffous . 
to this, that the longest spark Is talen, not from tl}e of 
the prime eowductor itself, but«at the extremity of a long rod 
Inserted into it. The electric matter seems to acquire a kind 
of impetus by the length of the medfum through which it 
passes. But ne found that the maximum, in this case, did not 
exceed, err rather, that it did not qjuite reacbi dirw feet ; for, 
aaelung use ofathicK iron rod, eight or nine fj^ long, the 
latml explosion, taken at die extremity of it, was about the 
same, as wh^ it taken at the endw a rod fbar inches 
from the jar /and not half %o considerable as when taken at 
the extremity of a rod one foot long. This, he imagined, might 
be owing to die obstruction which the electric fluid meets with 
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in ^en through metals ; which aapeava. by his ibi^incr 

fqpedpiip^ mm consitealike than was genem% 

htt^iinnmA\ . , "Z 

0il tW whcb^ this retharkahle e:«|ieriffieiit seems So he mule 
to^the tnoet advantage in the followh^ cmsiniistaiioes. |jj^ the 
^ jar stand upon the table ;tdetatlitck brass rod» insnlated* stand 
eoiit%iioas to f^ooathig and, near the eKtreaiitf' of thkeod, 
{dsoe the body shat is to oeoeive^lhe exploiioei; This body 
nmst he 6 or 7 tec in length, asi^ ’perhaiMb socne indbes in 
hhiafciiMs, or be oonliected with a boAf of those diinensicil». 
ILastly, let the exfdoeion be made with teteciias^|mg rod resh- 
«m the table, cloae^to a chain, the eacCremn^ of which 
reaches within about an inch and s Mf of the costing of the 
iar. i|t this case, the operator will hardly tel of getting a 
lateral explosion of an inch in len|}th ; which shall enter and 
leave the insalated body, without making any sensible altera- 
tion in the electricity natural to it. 

With large jars, conta^ng 3 or 4 square tert;^ $£ coated glass, 
bearing a very high charge, l>r. 1P. makes no doubt but tliut 
this experimefit might be made to much more advantage ; but 
at the time he was engaged' in this investigation, he happened 
nm to have any such jar, and theretee only used one that con- 
tained half a square of coated glass. If die ifiterruption in 

die ctreuit, which is almost tiecsessary in these experimesnts, lie 
made hyantrodocing a len^h of dten into it, ratlier than by 
making part of die explosion pass along the tube, there is a 
"fnedKittt in tlm lengfth of chain, that answers better than either a 
longer or a shorter circei^ In a long intermptetl circuit, the 
electric matter seems to lose the impetus which it discovers in a 
short one. 1 n all these ca»es, the electric charge seems* to remain 
ibr a moment in the pasts of the interrupted chcott ; aud tbere- 
fSm instantaneously rushes, in all directions as well towards 
bodies tW are not placed along its passage to the jar, m those 
that aiw; but, when the same charge occupies s^wr^ circuit, 
itium more room to es^nd itself, and is not etrongly im- 
|idledto desert It. He found, however^ by repetded drtes, that 
when he made use of thr^ yards of teas chmn in the circuit, 
therewas a diimpce to which the lateral explgrion would not 
nench. The aailis distance it also would not reach, when the 
<^|cuit consistedof only one brass rod ; but it xeacbed it with great 
oaee^ when oidy half a yard of <hain was used ; even w^uitut 
jqiqr cither interrupdon in the circuit. B^t it reached to a much 
fpmter disteoe, when the duun was veiy short, and the Inter- 
ruptioQ was great^ in other respects. 

Dr. P. had hni^ipned, that, since, the body whk^had received 
the lateal explosion, contained, te a mometi^ itere flioii its 
natiM ; that if it were acutely some would 

csca|iiih^l^ that on the return of the explosion, die body would 
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be exhatt*te<l; but be f<mnd no itich eiect> though he affixed 
Aue needtea to tile he ntiiidb u# ’ The lightest 

balls i^ced near the extremities ot these needles^ 'wm not in 
the least aAecited by the explosi4asi« When he placed a immber 
of brass ballsy one behind another, the lateral explosion parsed 
through ^cunall, being risible in the niterrals between eadi of 
them, mM fetum^ the same way; ^jBaving therqf sH In the same* 
state m '#bidi it ibmd a great number of lateral 

explosions mi^t be taken at the same time, in (hifierent parts 
of the ditniit, some of tinnn very near* one ancthen It ssade no 
difference; whetbar the laierai explosion was received on a dat 
smooth surfiftce, or the points ot fine ijeedles. lu botii eases the 
c^rfc was equity long and vivid. 

Dr. P. had no sooner completed these experiments on the 
lateral explosion, but he had a curiosity to see what kind of an 
appeaftmee it woufd make in %^cao ; since no other phenomenon 
in electricity resembles it. In all erther cases, the electric matter 
rashes in onp^single direction ; whereas, in this, it goes and 
returns in the same path, and, bb far as can be distinguished, at 
thc‘ same instant of time ; so that all th«? difi^renee of the two 
electricities, which are so conspicuous in vacuo, must here be 
confounded. Accordingly he found, though the pump was not 
in good order, that he could perceive this explosion in vacuo, 
at the end of rods, placed several iiudtes asunder ; and when 
tiiey were brought within about two inches, they seemed to be 
joined by a thin blue or purple liglit, quite uniform in its ap- 
pearance. As these rods were made to approach, this ligtti 
grew denser ; but still exhibited no ^uch'vaiiety, as is observed 
between the bodies that give and req^ve electricity, in the 
commoif experiments in vacuo. 

Dr. P. was priftty soon convinced, that uncoated j4rs could 
not be used to any more advantage in. these experimetita, than 
those that were coated ; since the want of coating ordy operated 
as an interruption in the circuit, occationiw a diffimilty in the 
adiftissioh ofShe charge on the outside of the jar. And, in all 
cases, tbe greater this difficulty of passage was made, pnmded 
the discharge* was made at once, the more considerable was the 
lateral explMon, and the greater shock was^ven to the hand 
that held the discharging rod ; which shock was nothing more 
than one of these lateral explosions. Issuing fram the rod as 
part of the circuit. He concludes the accotmt of these experi- 
ments with observing, that they may tmstibl/^be of some use In 
measuring the conducting power of dmerent sutvstahees ; since, 
the greater is the mterruption in the dreuit, occasioned 

by badness of Ha ixxvduetingpower, Aie more considerable, 
cseleris partbusp U the lateral explotimi. 
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Sa^iiilkm^ Ship dmn to iho Water, l6y 

* Cafkt. J* L. WiKN. From the Phil. Tran*, for the year 1770. 

Capt W«i» lie never witliont a condnctor^ln his 
*shi|i. He hiul Hheoa of varioae construetkMis : that whteh^he 
last need was aj^haln oi oap^ wjre, down by^the ootaide ol the 
ship into the water. That such a so diapo^^ may con- 

dpet the lightning, and prevent a stroke that might de^oy a 
diiip, has often been demonstrated; but a ctreumstanee ^hat 
oocurred in his last voyage, may perhaps have greater wejght 
with some seamen, than ill Uie reasonings of the electriciai#. 
If it shoubi be a means of persuading them to make use of 
conductors, his intention will be an8\w?red. 

In April last, as they approached the coast of America, they 
nMtt with strong s<Hith«westerly gales ; they had continued 
several days, wJton Iszeeedingly dark heavy clouch arose in the 
opposite quarter, forced ig&mtA tlie wind till thi^ had covered 
all the north -eastern half of the hemisphere : the struggle then 
between the two winds was very extraordinary ; sennet imes one 
prevailing, sometimes the other. Captain W. was apprehensive 
they should have much lightning, and got his conductor in 
ordier ; when, in hauling up the mainsail, the sheet block struck 
violently against theba^-stays, to which the chain was fastened, 
and, as he found afterwards, broke the latter, which occasioned 
the fdienotneoon described below. It was near midnight, and 
very dark, when he first observed a pale blpish light a few feet 
altove the quarter rail : at first he thought it proceeded from the 
light in binnacle ; ifut finding that it frequently disappeared 
and returned again precisely in the same place, and that it nomo* 
times emitted sparks not unlike those of a small squib, he began 
to suspect that it proceeded from the conductor. To be oer.* 
tain, he ordered all the lights to l>e put out below, and that no 
rays of light might issue from the binnacle, he povered it em* 
tir^y with his cloak. He was presently confirm^ in^his t^en- 
jecture, dial the light and* sparks proceeded fropi the chain ; 
for, placing himself near it, during the sp^ ^of two hours 
and a he it frequently emit continuM streams of 
rays or ^quirks ; 'sometimes single drops as it w.^e slowly aitc^ 
eeuding to ^h pdier, and sometimes only a pale feeble Jig*^. 
Oh examining nqyt morning, he found the chain broken a little 
above the ship’s i^unwak, half the eye of each link being quite 
go^, and the .point!! of the remaining halves ab<mt thrae-fourths 
of^|ipUht^^ asunder ^ luckily the chain was fastened to a smaller 
and below tlie eye of .each link, which prevented 
tl^ pan of the chain below from faUiiig into die water, or of 
lieihg sefumitted ftrmn the part above, beyond (he striking or 
aUracting distance. 
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On the MetlM obtmmng True FUA Metallic Surfaces, inde* 
mendently of the usual OpsraAan Grindings Bt Joseph 
Whit WORTH, Esq.* • 


Before proceedki^ to the particuVir consideration of <mr 
pre^nt subject^ it will be proper to premise a few general re« " 
niarks« for the benefit of those |o nfifom it msep be now for the 
first time presented. * 

It is necessary to form a distinct idea of what is meant by 4 
tnte suvfaee. Strictly speaking, it is a surface of which all the 
p^ts are in the same plane — that is^^on the same level — and 
vmch is, therefore, in no degree either round or hollow, but 
]>erfectly fiat. Supposing two such surfaces applied ^together, 
they would touch at every {mint throughout. Now, it will be 
easily understood, that in varioifs operations it bc^comes a matter 
of the greatest importance to obtain a surface of this kind. If 
it is required to fix anything perfectly horixbntal or perpendi* 
cular, or at anV inclination with greift nicety, this cannot be 
done without the aid of a fiat surface to serve apa guide, nor 
without the means of forming such surface on the materials 
employed. Again, in the case of metallic surfaces working to- 
gettier — want of truth is attended with various evils. The 
motion, inMtead of being in a straight line, undulates with the 
outline of the surface, and this will often entirely defisat the ob- 
ject proposed. The spaces between the parts in contact open 
throughout the slides a free communication, which it is in many 
cases essentially necessary to prevent. I'hus, in the valves of 
steam engines, w^ant of truth leaves the communicaticm open 
between the two sides of the piston, and there is consequently 
a loss of power proportioned to the amount of error. Another 
and an universal consequence of error is, that the friction of the 
two surfaces* instead of being dififused lAiroughout their whole 
extent, is collected at particular points, and hence they are apt 
to gall, and became unfit for use. Nor is this all ; the friction 
is nQlMnly un^iially distributed, but also materially increased. 
The inequalities of the opposed surfaces create mutual obstruc- 
tion, and become clogged with particles of foreign matter. 

These considerations will suffice to show, thSt a true surface 
is an object of the greatest practical importance. But it will be 
at <mce perceived, that absolute truth rs unattainable, and that 
we can only make sutsk^proximation as the means within our 
power will allow. Hence it becomes necessary to kpow where 
the practical' limit lies, and what is the degree of l^cuth which it 
may be desirable or possible to attain. are a great 

* Hoad at the Coaversasione, held at the Royal Victoria OaJlerv of 
Practical ScioStoe, Manchovtor, on the ereniim of* tbe 8tii Peoonber, 1840. 
Joseph Radford, Req., in the Chair. 

D 
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applksable td aurfik^es^ eaeli of will t«l! to 

a certiStt dl%ree or Jiicety. Tliere i»/ for exatiiplo^ tite plumb 
lino^ the apirit level, the winding strips jmd the rtraijgrht edge* 
But the degree of truth which it is po8sil»G and in many cases 
necessary to attain, is far beyond the limits of these instmtaents. 
•When ^plied to tiirfaces/ they do not distinguish between the 
pomta m actual' contact, ain^ those whicii are extremely nea^-— 
and hence a sur&ce may seem to^beyerfect, though in (act it is 
full of inaccuracl^. , But if we substitute a true surface, of the 
same extent as that we wish to try, we obtain the means of 
testing it to the utmost degree of nicety* The method Ifithcrto 
adopted, and still practised in preparing what are called 
snr&ces, i|, after nling, to grind them with emery by rubbing 
one on the other. * 

My present object is to show,* that this process is not at all 
calculated to produce a high degree of truth} and that a melliod 
entirely different ought to be adopted in its stcuid. 

I have here two cast Iron surface plates, wl{ich have been 
got up in the Wianner I shall presimtly describe. 1‘hey possess 
a degree of truth far beyond wliat is generally . attained. So 
rare, indeed, is it, that they have occasioned no little surprise 
to some of the most distinguished engineers and mechanicians 
of the present day. The effects, which, as I shall presently 
show, result from the truth of these surfaces, are till now almost 
unknown, and would a short time ago have l>een pronounced 
imposiable. If one of them be carefully slided on the other to 
exclude the air, the two plates will adherg together with com* 
siderable force by the pressure of the atmosphere. 

The surfaces should be well rubbed previously if^ith a dry 
clolb, till they are perfectly free from moisture, in order that 
the experiment may afford a fair test of accuracy. If any mois- 
ture be present, it will act like glue, and would cause adhesion 
to take place, supposing the surhices to be much inferior. But, 
if they be perfectly' dry, adbesiori proves a high degree of truth 
rarely att^mied. ^ «»» 

Ifhe experiment may he varied by letting one surface de- 
sceud slowly on the other, and thus allowing a stratum of air to 
fom bf^tweCn them. Before they come into contact, tlic upper 
plate Ndl] become huc^ant, and will ffoat on the air witnout 
aifpport (tern the hand. This remarkable cffTect would seem to 
depend on the dl<^ approximation of tl|^ two surfaces at all 
points, withsmt <foiit^ In any — a condltiim which could not be 
plffained withadt ai^reme in both. The eamtpe of the 

reinalntzig ponibh or air is reiimbd by fVicttcin i^^titst the sur- 
faces, the force of which nearly balances the preasurc of the 
upper plai^ 

^ 'These surfaces were got up^by meamr of ffUllfg and Scrap- 
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By Mr. WUitwoii^. 

tng«lon0f without heitig afterfTMrdQ^oun^* . The^operatlon jpf 
iK^apmir ¥ piwrti^ty knowa^ hf^ on^y a« 

preparatory by griodiui^. liw r^erence to bom procesaes, a 
great degree of mia^nception prevaila, the e#ect ot which Ig 
materially to retard the progress of improvement. • 

Jt win be evident, irom a little eonaideratioD^ 4lat a troe • 
eurface camiot be obtained bj^ gri|ldk^. Jluad; with rer 

gard to general outline, li5w is the original eiaor to be got rid 
of? Let it be supposed, diat one of the sortapes is concave, 
and M|e other a true plane. Thie tendency of grinding, no 
doubt, will be to reduce the error of the former ; but the 
opposite error will, at tlie same timS, be created in the tme 
surface. It will further appear, that, if the original error be 
inconsiderable, the surfaces must receive positive injury from 
grinding. Certain parts are acted upon for a longer time than 
others.* They are consequent^ mtqsre worn, &ud the surfaces 
<tre made hollow. If grinding be not adapted to form a true 
general outlirlh, neither is it to prodyipc accuracy in the .minuter 
detail. There can be little chance qf a mul^ude of points 
being equally distributed under a process from which all par* 
ticular inunagemeiit is excluded. To obtain any such result, it 
is necessary to possess the means of operating independently on 
each {>oint, as occasion may require ; whereas grinding aiSects 
all simultaneously. If a ground surface be examined, the 
bearing points will be found lying together in irregular masses, 
with extensive cavities intervening. An appearance, indeed, of 
beautiful regularity is produced ; and hence, no doubt, the 
universal prejudice ^ lung established in favour of the process. 
But this i^ppearance, so far from being tinjr evidence of truth, 
serves only to conceal error. Under this disguise surfaces pass 
without examination, which, if unground, would be at once 
rejected. ^ 

Another evil of grinding is, that it takes from the mechanic 
all responsibtlijty and all spirit of emulation, while it deludes 
hiw^w'ith the idea that the surface will be ultimately ground 
true, liie neural consequence is, tbat he slurs it over, trust- 
ing to the effcfCt of grinding, and well knowing that it will efface 
all evidence either of care or ne^ect on his part. 

it thus appears. Utat the practice of grinding has altogether 
impelled the progress of improvement. A true surjfuce, instead 
of being, as it ought# in common use, is almost unknown : few 
txiechantcs have any distinct knowleilge of the iqethod to be 
pursued Ibr obtaining it. Nor do practical men sufficiently 
advert, ekher to tlie immense importance, wr^to tibe comparative 
feicilily, of the acquisition. • 

Due latitude must be allowed the expression, ♦ true surface.' 
Absolute truth is confi^dly unattainable. Moii^yer, it would 
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be poMlble to eim at a dc^ee of per&ctioii beyond tbe neeet^ 
sity of tbe case, the difficulty <|f wht<^ would more than coun- 
terbalance tbe advantage. But it is certain, that ^ progress 
hiUierto made falls far short of this practical Hmit> and that 
cohaidefaticais of economy alone would carry improvement 
• many degrees' higher. The want of it, in various departm«mts 
of the arts and manufactiities, i# already sensible. The valves 
of steam engines, for example, — ^the tables of printing presses,^ 
stereo^pe phites,*-H»urface plates, — slides of all kinds,— require 
8 degree of truth mneh superior to that they generally possess. 
In these, and a multitude of other instances, tlie want of truth 
is attended with serious ^vils. The injury occasioned in con- 
sequence 4o the valves of locomotive engines renders them 
liitble to constant derangement, andv;auses an enormous waste 
of steam power, under circumstances snore especially rc^qiiiring 
Its most advantagecms application. In stereotype pnnting, in- 
accuracy of the plates renders packing necessa^ to obtain* an 
uniform impression. A Vast amount of time ano labour is thus 
jacrificed ; and the end is, a6ter all, but imperfectly attained. 

There is perhaps no description of machinery which would 
not afford an illustration of the importance belonging to troth 
of surface, and at the same time of the present necessity for 
material- improvement ; nor is there any subject connected witli 
mechanics, the bearings of which on the public interests, 
whether manufacturing or scientific, are more varied or more 
extensive. * 

The improvement sojonuch to be desired vrill speedily fol- 
low upon the discontii^uance of grinding, ilecourse must then 
be had to the natural process. The surface plate and the 
scraping tool will come into constant a Hording the certain 
means of attaining any degree of truth which may be required. 
A standard of excellence will thus be established, and a new 
field will be opened to the mechanic, in -which he will find 
ample scope for the exercise of skill, both maimal and mental." 

Mr. Whitworth then paoceeded to describe partichlarly the 
mode of obtaining a true surface such as those exhibited. . lie 
noticed that there were two Vases for considef^on — 4he one 
where a true surface plaU> is already provided as a model fixr 
the work in hand, ana the other where an original surface is 
to be prepared. 

The former case, which is that which will generally occur 
in praettoe, Ts simple, requiring care rather than skil!. Colour- 
iog such As* red ochre and oil, is spread over the ^r- 

as equally as possible. ^ The woilt hi hand it theb 
liiilpd -thereto, and moved slightly to fix the coknir ; which, 
ajMiltfg to the pints in contact, anerwords shows the jf>romi- 
to be reduced hy the scrax>ing tool. This operation tp 
frequently repeated, and at each repetition a smaller quantity 
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by Mr. Whitwortfi. 

of ooio«mii|f matter b used} till, at last, a few ipvtideg spread 
oat by tbe finger sufilce for purpose,' fomung a thin film 
over the brightness ofi the plate. 

The latter case is more complicated, and reqaires consider* 
able shill in the mechanic, 'f hree plates are got tip togeth^, 
ancbserve mutually to correct their own errors.’* » ’ * 

thanks liaving been voted tp Ml?. WhitwoitK for his paf^, 
the chairman (Mr. Itadibr^) asked if the process of scraping 
had originated with Mr. Whitworth ; and that gentleman said, 
certainly not* He had mentioned in the pa{>er that it was id 
use before, but not generally, and iperely as preparatory to 
grinding. It was a much shorter process, that which he pro* 
posed, than grinding. « 

The chairman asked if ^he highly finished scraped surface 
would j^esiat the action of the file more than before. He believed 
that in grinding (whether from the introduction of emery or 
not he could not say) the surface was found to be more tena- 
cious of the file’s tooth. • 

Mr. Whitworth said, he had not found that scraping made 
the metal harder; of course, the emery used in grinding would 
destroy the file. 

Mr. Fothergill said, it appeared to him there was nothing 
new in the prot^ess, except the introduction of scraping, instead 
of filing and grinding. In reference to the valves of steam en- 
gines and other matters where flat surfoces were required, Mr. 
Kobert's invention of the planing machine should not be over- 
looked. W' hat was thetime required for scraping, as compared 
with the use of the planing machine It was well known, that 
this machine had come into extensive in planing the valves 
of steam engines, and the surfaces upon wliich they had to 
operate ; anci considerable facility and saving of time, and con- 
semient expenses, were obtained oveu the old smooth filing 
and grinding. ' 

Mr. Whitworth said, where a planing machine would do the 
wofib suflicierftly accurate, his plan of scraping was not ne- 
cessary. • • 

Mr. -Fothurgill asked if the valves of steam engines could not 
be made sufmently accurate by the planing machine to be 
steam-tight. 

The Chairman said, he understood iftr. W^hitworth to say, 
that his process of scraping was to remove the rough^superficies 
left by planing. * 

Mr. Fothergill then objected to Ute ribs on tbe*backof tlie 
plates, tha^ though they might give a stii^ess to the plates, a 
change of temperature might take place from the action of the 
hand or other cause, and the expansion and contraction of the 
metal would differ at different parts of its surface, and conse-^ 
quehtly the plates would hot retain at all times the same amount 
m accuracy. 
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Air- W^worth said tUare was no doubt a difficulty- however 
was obtained to ke^ it perfectly flat ; but be appre- 
1 iezided 9 if the plate were not ribbed^ even it it were a much 
thicker plate, the surface would be still further df the truth. 

‘ Mr. Fothergill thougl^ a solid plate would not yield so soon 
to a change bf temperature. « 

The Chairman thoughtr«tha^ the change of temperature in 
the metal, effected by a workman*® hand, would be so trifling 
as to be inappreciable. 

Mr, Whitworth wishetl to ask Mr. Fothergill if he coflsidered 
the slides of valves for locomotives were got sufficiently <x>rfect 
by the planing machine. 

Air. Fotliergiil had n^n many instances where the valves iia.i 
been tested, and tlicre was not ^»e slightest escape of steam. If 
the planing were properly accotnplislied, it would answer every 
practical purpose, witli great saving of time (which was now 
every thing in point ofii economy) over the ordinary mdhod. 
He wished to know whether Mr. Whitworth found it or scraping 
to require less time. 

Air. Whitworth repeated, that tlie scraping process was sub- 
sequent to the use of the planing machine. * 1 1 did not su]>ersedc 
the planing machine in any case whatever- 

Mr. Fothergill thought that the valves of steam engines could 
not be conveniently got at to scrape. No doubt, in planing 
them, great care was required in fixing the valves to the table 
of the planing machine, or else they might be sprung, and con- 
sequently would eiduvr acquire concavity or convexity, or cross- 
siding. * 

The Chairman said, he apprehended Mr. bitworth was not 
instituting a comparison of cost, but seeking to obtain an exqui- 
site dfgree of accuracy and flatness of surface. .There might be 
machinery requiring a more exquisite degree of flatness bctw£»en 
the parts than the steam engine, and in such leases liis^aii 
would supply the desidei^tuin. • 

Mr. Whitworth asked when a surface had been taken oat of 
the planing machine, and w-fs found to be untiflic, what steps 
would be taken to it true. 

Mr. Fothergill aaid this could only arise from a person not 
being j^operly acquainted with his business ; but In such case 
he should recommend it to he properly liedded a sectmd time, 
•n ^j^ jplanlng machine to go over it again ; and lie tliaught it 
Sm>iicr be fliwiight to a surface than Mr. WJiKtwor^’s 

Jlfhittyodth as^d, when the slides were takcp &e 
"puinh^ miutoe, how it ascertained whether they *were 
true or not. 
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Mr. Fothergill said, by the very method Mr. Whitwoth 
had pointed out, 6y ttpng dx^eretit surfaces together, and 
sothetitnes even the planing macshipe itself might becc^e inac- 
curate. They !iad an%>riginal surface to which they could refer 
at any time. 

The chairman asked if Mr. Fothergill thoug}it that as ex- 
quisftcly true a surface could be produced by the planing 
macliine as by scraping. * 

Mr. Fothergill had never tried how far it was practicable on 
the placing machine to produce an exquisitely true surface. 

Mr. Whitworth said, they had made several planing machines, 
and got every part up by band, and made the surface as correct 
as they could ; but they had never been able to get so good a 
surface from the machine aS from scraping : they always needed 
correction afterwards. • 

.The chairman thought it clear that a surface could not be 
produced so accurate by the planing inachinc : there was the 
weaflng of the tool, and the action or the surface, which must 
resist the tool more or less in different parts of the superficies ; 
ami those inequalities would be corrected by the process which 
Mr. Whitw’orth had suggestt'd. 

In reply to a question whether, if a valve came untrue out of 
die planing machine, Mr. Whitworth would plane it over again, 
— that gentleman said he shoiihi not, unless it was very con- 
siderably out of truth. He should generally apply it to the 
original surface plate, rub a little colouring matter on, and rub 
the surface over it, and then, with fye and scraping tool, go 
over the li|^aring points. His opinion warv that a surface could 
not be got sufficiently accurate for the slides of a steam engine 
from the planing machine. 

The chairman thought it was plain', that the surfaces produc- 
ed from the planing machine were only approximations to the 
truth, even in tjie most practised hands. 

.^fSenthunan asked, if, when Hr. Fothergill tested the valves 
and mund them steam-tight, oil or atiy other fluid was inter- 
posed. ^ . 

Mr. Fothergill said, there was nothing but a little oil, which 
was always applied, when first put on, to prevent galling. 

The chairman did not think the valves of steam engines to 
afford a fair criterion of the value of this proces#. The table of 
a steam printing-press required mdre truth of surface. 

Mr. Whttwoi^ 8aid» he might mention .tlhit he had had a 
conversation with dbe engineer of the Liverpool ancl Manchester 
Hallway last Mcm^y (having coramunicated the scraping pro- 
cess to him nine months ago) ; end the epgin^r then tirfa him, 
that the week before he had^ tak<^ to pieces die stitiofiairy 
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engine atHhe end of the tunnel at the Liverpool end of the 
UM*«havi|iig six weeks ago scraped pp tlie surfaces of the 
slides as he (Mr. Whitwortli) had shoM’n him — and last week 
he had them out, and let on ihb steam at^, 50lb. pressure, w^hen 
not one particle escaped ; the surfaces were most heautifullv 
perished, and did not seem one bit worse* He also statea> 

• that lie had fopnd veiy ctmsiderable advantage in scrajping^ up 
the slides for locomotive engines. 

Mr. William Head said, he 8upp<)sed ,Mr. Whitworth would 
always bi^in with three surfaces. 

Mr. Whitworth said he certainly should ; for of tw%, one 
might be a little concave*and the other a little convex, and still 
.they might fit each other; but, if a third were introduced, of 
course any little inaccuracy would be detected. 

The Chairman said, in grinding it was usuol to have three 
surfaces. * 

Mr. Whitworth said, that the time expended in endeavouring 
to get true surfaces by grinding was much greater than^by 
scraping ; and, after all, a true surface could never be got by 
the former process. 

The Chairman said, it might he interesting to show the ah* 
sence of souwd, when one of these perfectly flat plates was 
allowed to fall on another. 

Mr. Whitworth showed this 'experiment, when a dull, dead 
sound was produced totally different from the clanging noise 
of two metallic substances striking together, which Mr. Whit- 
worth said was owing to the air preventing the plates from 
coming directly into cgntiSbt. 

Mr. Sturgeon, the lecturer at the Gallery* said, he would 
offer another application of plane surfaces, in a case where they 
could not be made too accurate,—- magnets. It was a matter of 
no consequence to the magnetist whether they w'ere ground, 
planed, or scraped ; but it was important that tlieir surfaces 
should be true. In a })iece of iron for an eleftro-magti^ a 
great deal of accuracy required in the surfaces which had 
to come into contact. If the magnet were applied to the keeper, 
or cross-piece, then, as both fliese surfaces should be as flat as 
possible, of course an ahselutely flat surface was a desideratum, 
certainly not till now^ihp^lfck ‘ it had long been a recognised 
principle in tna! me nearer the whole of the surfaces, 

and not merely Spots or points here and there, approached 
each other, is the magnet ; the more it would carry 

with the fpm ^xci(ing force* In all cas^ of making or bring- 
ing electM^mi^nets ihto a state ot ^ivity, the ipejans employed 
waM yeiblCc battery of the description of the^^e before mm, 
axidV jiiales of wires were wrapped round in the same , 

niatn^ as shown. Uti^il within the h^twdtinonths, electro- 
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matynets were in the same shape and form as usual, the horse- 
shoe or syphon-shape* Mr* Joule, df Salford, a very scientific 
yo-.ni^ ^tentlenian, first made them of the form now exhibited, 
which only W'eighed a Quarter of the large magnet in the gal- 
lery, yet it would lift twice as much, in consequence of ti 
peculiarity of iorm and arrangement, which Mr. J<mle had given 
to tlmiron, and the peculiar manner of.einploying the connecting 
wires. He had, at first, a stout csopplr wire for his conductor, 
w hich went a times r^i*nd the iron. Under these circum- 
stances, the magnet he now exhibited, would carry about a ton. • 
He, had seen If) cvrt. suspended to the keeper without 

brcakifig the contact.* Bat, by employisig a bundle of wires in- 
stead of an individual wire of the same thickness, Mr. Joule had 
;k»\v n\.Kletfn8 magnet to carry 2,77*51b , before the ont^ surface 
pniMted from the other, when the voltaic battery was irt action 
upon it. I5u1, if they could obtaiif a hetttT adaptation ofthe two 
f i:ch tocnclj other, the same magnet -would probablycarry not less 
t?i in a (jnarterof a ton more. Mr. Joule had made thi.s magnet 
ill application “to a theory of his own;* and, in workingoiit 
ti.fit thf^ory, he had produced another magnet, still far moreex- 
tr.iord.n-.r liiaii the foriuer. [Tiiis was a long narrow cylinder, 
with its keeper, two long pigs of lead, plac^ed face 
t o (hec.Jt weight was al>out 6I!>. ; it would at present carry 
i . “.Viih., I>y the mere magnetic lorce exercised between tlfe two 
>> cces £)f uHtal, by tlie use ofthe same galvanic power, lit all 
tiu'se caises Mr. .loule had employtML a very formidable iron 
i>iti('ry, such as was first made in this gallery; having sixteen 
•quare troughs of* east iron, in each of* which was placed, pro- 
perly insulated, a sheet of zinc, well ani^g^mated ; thep, with 
tiic'c sixteen* trouglis well eJiarged with a solution of sulphuric 
;>cid, and formed into a series of four, or placed ia a range of 
i'our timc.s four, he obtained this powerful clectro-magDCtic action, 
i lo. Mr. .S., hrt<l now to show them, a ntdl more modem aud 
more extrv'ior dinary magtiet, this bem|T its first appearance in 
puluie, and an ex m*n men t performed wdth it that eveniwg w aathe 
first by^is singular magnet. It was not a horse-$boe» nor a long 
b.srorcylindijr of iron, but a disc, .something like aquoit ; and that 
\Uiich in the ordin^iry magnet was anally chilled the cross-piece 
could scarcely bear that name ; but, from its shape, might be 
named the lid of tlic i^ju^gnet. In this case, 4bey had an invo- 
lute channel for the reception of a single stwmcl of very thick 
copper wire. The strand was covered with silk, for the pur- 
pose of preventing contact betw'een the wire and the yxni. It 
passed through the centre ofthe disc, came out ofthe face, and 
filled up, to a certain extent, the convoluted groove. Now, with 
this magnetic and a voltaic battery, such as that in the gallery 

; • '1 hiK^niHgnei U <Iowribe<l bv Mr.^Joulo, at pace 187, plate b, rol. v. of 

! <li(‘ AimulB. * 
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series of four pairs), and another of precisely the same size, still 
making merely a doubly battery (consisting of eight cast-iron 
jars, with their respective cylinder of zinc. — ^eight jars in a series 
of four), be had that evening seen that magnet carry a ton 
(3^24011^)* This magnet hid been first proposed to be made in 
that room six weeks ago, l)y their worthy chairman, Mr. J. Had- 
’ ford, and it had been completed this evening; and he 
had now very |preat pleasure instating the result of its first ex- 
periment. Here again they would see the importance of a flat 
surface, in reference to these ma^ets. ttfe had no doubt, from 
€he inequality of its surface, wnich Mr. Whitworth had been 
kind enough to point out Jo him that eveninjj, that they had not 
arrived at any thing like the maximum of its magnetic power ; 
and that having levelled its surface to a closer approximation 
to absolute truth, he thought it vary likely, that, before the 
next conversazione, this magnet* would be capable of cayying a 
ton and a half. He was aware, that other extraordinary magnets 
were now being constructed in Manchester ; and, by and bye, 
the institution would have another magnet, as extraordinary as 
any of them, added to its already unparalleled stock. — (Ap- 
plause.) 


— 

On ihe* Therapeutic Effects of ElectrioUp, By S .Liliie 
Thobkton, Esq., Surgeon,. 

The reputation of electricity as a medical agent, is very dubious 
and fluctuating ; owing to die exaggerations, the mistakes, the 
misrepresentations, and ih^ prejudices, and particularly the interest 
of those who have administered if. Hence it requires altenlive 
ubsen ation and quick discernment, as well as a raiud not to be 
biased by prejudices, to be able to learn where it has been useful 
and where not. 

The different accounts of its medical powers, in apparently 
similar cases, are so discordant, that we are at a loss to know how 
to determine. The method of administering i4 has probably 
brought it into disrepute : the administration of it is^equ'lfluly 
committed to persons totally, or in a great measure, igttoiant of 
the science of electricity, or cffdhe use of the nificbiiie, and who are 
little interested in the result. Nor is this all ; the operator not 
having patience to proceed for a considerable length m lime in a 
gentle exhibition of electricity, thinks that by increasing its force 
he can shorten the time ; and hence, from the exhibition of stiong 
shocks; the patient grows worse, or at last, If it does not aggravate 
the disorder, he grows tired of the painiht aiid disagreeable opera- 
tium The medit^ man seeing tMs, often condemns or neglects 
of electricity ; a remedy . af^ieh, if properly admimstered, 
of the moat powerful we are acquainted with, and in many 
one of the inost useful. 

* Mr. RaSfcKrd ha*, tinee, aubstituted a bundle of wire*, for the eopper rod emidtirtor : 
tMid the magnet now carriei about S2J c»rt. 
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Thttt we may know in if hat diseases to have reconrse to this 
remedy, we must first understand its nature, or mode of acting, 
which being detennincd wo can safely sav that it will be of use in 
all diseases whose iiatfire is opposite to tfce effect of ibis remedy. 
This is one of the most certain principles we have in medicipe ; 
viz., that when a remedy relieves or cases the disease, the operation 
of What remedy is contrary, or tends to product a state of the' 
body directly opposite to that psodu#^ by the cause of the disease ; 
and of these two, the nature, or modus operandi of the remedy, o 
the nature of the disease, either being given, we can determine the 
other f e. g. if we know the disease, we can by trial, ascertain tfie 
operation of the remedy ; and if the operation of a remedy be 
known, we can, from its utility or disservice, determine the nature 
of the disease in which it is employed. • 

Now wc know that electricity acts as a strong stimulant ; that 
its eflflWits are, to increase the strength of the pulse, to pi*omote all 
the secretions, and in short, to increase all the animal functions ; 
and we find it does this in a greater degree than most other stimu- 
lants, and therefore it may be lookea upon as one of the ino.st 
powe|£ul stimulants with which we are acquainted. "We shall only, 
tlicrciorc, expect to find it useful in those cases where the action 
of the body is weakened, or debilitated either in the whole body, 
or in a part only. In nervous afiections we find Ifiiis remedy has 
been of singular service ; on the contrary, in all those cases at- 
tended with, or depending on, an increased excitement of the 
system, its use will be peniicious, and we find this doctrine con- 
firmed by experience. But before we proceed to treat of ilie 
diseases iu which this remedy ought to be administered, wc shall 
make a few observations concerning ks use ; and first, where we 
can use ether remedies along with it, wrought never to neglect 
them, for, in many cases, this remedy does little more than ren- 
der the system more favourable to the action of other remedies; 
its stimulus is so difiu.sible and quick,* that it often favours tho 
action of the more durable stimulants, but seldom of itself produces 
any permanent eflfect. 

fii;5it the electricity ought to be administered in the most 
gentle manner, particularly if the patiSnt has not been accustomed 
to its use befq|*e. We ought alt^ays to begin with drawing small 
sparks, which may be gradually increased, if it can be done with- 
out inconvenience to the patient ; afterwards slight sliocks may he 
used, hi many cases, the patient can scarcely bear sparks, the 
elkjtric fluid in this case may be drawn ofif in a stream by means 
of a wooden or metallic })oint, or small sparks may be drawn 
through flannel. When we administer electricity *in diseases of 
the eye, as amouroses, we ought only to dtaw the fluid olf bN' 
means of a point. Strong shocks should seldom, if ever, be ad- 
ministered ; for much more is to be expected from contipning 
them moderately for a considerable time, than from a violent 
application. 
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On the 'rkerapcutic Effeclt of Ehclrici^. 

I'heie is anyiher uielhod of odininisterhig’eloctricity, which lias 
been practised, aud with cousiderid>le success, yi^i„ what has.boeu 
called the clecirical bath. The person is to be placed in an insu- 
lated chair, and one part of him is to be coainectcd by means of a 
chain with the prime conductor, and another with tlie rubber; by 
thi5 moiin:> uc may make tlje electric fluid flow through any part 
we please, without any pain, and frequently with the greii^est 
benefit : Uiis inelhod will nof^-ansyver, unless the machine is very 
powciAih 

If there be any humidity, particularly of an oily nature, on tin* 
pkn IVoin which we wish to draw* sparks, or ]>ass shocks, we nhuU 
frequently be disappointed^ in this case, the pint ought to bo well 
washed wiih warm water, and afterwards \vi)w;d perfectly dry ; 
otherwise <^r eiuleavotirs to draw sparks will be to no purpose. 
We have seen several, cases where the Smallest spark could not be 
drawn. In thos^ diseases where <he whole body is ailecti^l, fh • 
apj)lication of eloetricity ought to be us giuieraf as possible. On 
the contrary, where a part of the body mdy is airected, wc ought 
to coiitine the action oi this remedy to that part. 

Wo shall now just luention a few diseases in which this i^nedy 
is useful : chronic rheuinutism is fre^ueittly reliov<‘d,and somefim<‘» 
c ured, by tha udininistration of electricity, in piufllysis, it has 
been generally used in those cases which admit i*f a cun^; it is the 
n.iost likely remedy. We have seen it administered with tl»o great- 
est jidvarHago, in those cases where the jiatient ivS not far advanced 
in year?i, where wc have no rea.son to expect lesion of the nerves, 
or a depraved ftfate ul’ the pnits, when the <li>eusc has been brought 
(#n by cold, nrui is not univer»:d, we may htqw. for success. On 
tfie contrary, win »i the aflluflion is univemd, aiul the patient ad- 
vanced j»f years, when tlu^'e is reason to beUche tluit there a lesion 
( f (he nervous sysidm, jjanitularly in it.s oiigin, wc lra\e little to 
hope for. 'i'hoiigh, in these cases, it is alwa}'^ a physician h duty 
to givi! it a trial, and to endeavour to afToid any relief, though never 
so to his distressed patient. J'lierc are, however, instances 

U[ioji record win r-. paralytic afTectiuiis, after many y;urs continu- 
al tc*, and in veuy old people, have been cured by me use of lids 
vrrnedy. It Ires been found trseful in the following disease.^ : — 
c rutiiietions, if' they depend oil Uie affection of a nerve — rigidity 
hus ntipieiuly begn relieved aft?r continuing the ffpplicatiou lor 
some lime — sprains, relaxation, if applied after tbc inflammation 
lias subsided — indolent tumours, it has been .said,, by Cat|>ue in bis 
Introduction to Electricity and Galvanism^ to be useful — chilblains 
as a preventive, and some cases are recorded where they have been 
cured by electrk sparks — Deafuc»s, the application -of electricity to 
the mnsloid process ^ncrally, afTovda relief, and about one in five 
have been cured-- opacity of the eort^ea, a cuircut thrown about 
ten iniruiles a day, on the eye from a w'oodeti point, has 

iVeqoiS^tly cured tins <Useasc — gutta screna, it has been found v< ry 
^iicees^^^^ill this disorder. It is very useful in many spasmodic 
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tliseuses, particuJarly tetanus, cboii^a, oi’ St. VUiis’h dunco,— ‘bin * 
for further account of these diseases ami the use of electricity, the 
reader is referred to n valuable pap^r ort the subject, by Dr. Addison, 
ia the second volume of Guys Hospya) Beports, 

We shall ^oxt month give any account of several experimems» 
both on man, iiifimals, and plants, witH some MSS. notes on tin* 
siimf subject, by our learned friend J.*Cc>nley, Esep, L.L.D. 


Ofi the Eti'CiricUu of Effluent Steam. I?y W. G. Arm- 
s THONG, Esq. 

7b the. Eiliforx of the P/tVosophical Magazine and Journal, 
CiKNTLEMKN, 

My letters to rrotVssor Faraday on the remarkable develop- 
ment of electricity which has recently beeir discovered in a jet 
of Bleam issuing from a steam-engine boiler in this neighbour- 
hood, Waving already appealed in your publication, it is, of 
course, unnecessary for me here to repeat the circumstances 
detailed in those letters. I shall therefore take up the narrative 
of my proceedings, relative to this curious subject, at the, point 
at w hich the second of those letters concludes. 

Having fouml electricity in all the three boilers I had ex- 
am inetl in which water from the neighbouring colliery wms 
used, and not hawing iliscovered any indications of it in the 
boilers which was supplied with raid-wjter, I was naturally 
UmI to believe that the effects I have described were attributable 
to tlie peculiar nature of the water from which the electrical 
steam was produced ; and. under this impression, 1 lost no time 
in visiting some other high-pressure boilers in the same district, 
which were also supplied with colliery water, strongly impreg- 
nated with 1tm%and other mineral matter. The steam from the 
Hafe^-val^s of these boilers also proved to be electrical, but not 
to such an extent as I had reason to anticipate from the similar- 
ity of the circi^n stances to those, under which electricity was 
dcvelopeil in such an extraordinary degree at SeghilL 1 then 
proceeded to try a number of boilers in«tiiis town and neigh- 
bourhood, in which steam was propagated under different pres- 
sures, and from waters of various descriptions; and by insula- 
ting mj^self and holding a conducting rotl in the steam dischargcrl 
from the Safety-valves, I succeeded in every instance m obtaining 
electrical sparks, which varied in the dtffereni cases from about 
one-fburth to almut half an in<^ in length* 

* Mr, Aimstroitg'a letter her© roforred to, will be foiuitl in the Jnst No. 
oftlmAnmiU, vol, 5, pag<« Edit. 
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On the Electricity of Effluent Hietki, 

In company with Mr. Robert Nichdson, tlie engineer of the 
Newcaf^ and Nturth Shields railway, 1 next tricS the boilers 
of the locomotive engines used on that rail#ayi and finding 
electricity in great abundance in the ejected steam from these 
boilers, I determined, with Mr. Nicholson’s permission and 
assistance, to institute set of experiments upon one of them, 
with a view £9 a fuller investigation of the subject. 

I shall now briefly describe such of these experiments as 
have been the most marked in their results, and shall divide 
. them into two classes, first taking those which werf» chiefly 
intended to exhibit the extent to which electricity existed in 
the issuing steam, and ’then proceeding with the experiments 
which were undertaken to ascertain the cause of the electric 
dev^pment. Nearly all the experiments were made at night, 
under cover of the engine-shefj, and the atmospliere was gene- 
rally humid ; but when it happened to be otherwise, the quan- 
tity pf electricity derived frpi^ the jet was greatly increased. 

Upon trying tbe^ steam in the first instance by the method 
adopted in the previous cases, that is to say, by sta;^ng on 
an insulated stool and holding with one hand a light won rod 
Immediately above the safety-valve, while the steam was freely 
escaping, and then advancing the other hand towards any con- 
ducting body, sparks of about an inch in length were obtained : 
but it was soon observed, that by elevating tlie rod in liu* 
steam the electricity was gradually increased, and that the 
maximum effect W'as not attained until the end of the rod was 
raised five or six feet above the valve, at which point the length 
of the sparks occasionaUy reached two iiiAes. iiJinall sparks 
were even obtained vhen the red was wholly removed from the 
steam and held in the atmosphere at the distance of two or three 
feet from the jet, and the electricity thus drawn from the air was 
positive, like that of steam. When the r«l was extended 
into the cloud of vapour which accumulated in the upper part 
of the shed, electriaty was draw n down as by a lightning- 
conductor from a thunder-cloud, 1 endeavoured to ascertaiivwhe- 
ther any precipitation o&moisture, analogous to the* formation 
of rain, accompanied the abstraction of electricity from the 
steam, and a sprinkling of w^ was undoubtetlljf felt on the face 
and hands by the person bedding the rod, so long us he remained 
insulated, but the elleet ceased os soon ip., the insulation was 
destroyed. 

Afiler fully trying the steam with a simple iron rod, as a 
of^nctor, “recourse was had to other conductors which pre- 
selite^ a larger tkitface to the steam, but the effect was not 
miilpmly increased until a bunch of pointed wires of different 
attached to an iron rod ami held in the issuing steam, 
witWthe points presented downwards. The iron rod terminated 
in a round knob at the end next the hand, and from this knob 
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sparlts of the measured length of four inches were actualljr drawn, 
aloioet as rapidly as they could be coimted^ while a stream of 
electricity was at the same time passing oiF i^om the rod, at the 
part which most nearly approacl^ the chimney of the engine. 
Very perceptible sparHs were also obtained when the points 
were held in a clear atmosphere, at the distance of at least eight 
feet from tlie nearest part of the jet. • 

In all the preceding experiments^'the effect appeared to be 
]>roportionate to the quantity *of steam discharged from the 
valve, when other things remained the same ; and the electricity 
became quite imperceptible when the escape was very incon> 
siderabie. 

By abruptly raising the valve when the engine-shed was 
dark ^ the edges of the lever and margin of the brass c«p which 
surrounded the valve, were rendered distinctly luminous with 
rays of.positive electricity which were strongest the instant the 
valve was lifted, and then quickly subsided, becoming very 
faint after the lapse of a second. 

In proceeding to investigate the cause of this 
extraordinary development of electricty, the first 
question which I proposed for inquiry was 
Whether does the steam first become electrical, 
that is to say, is it electrical in the boiler, or if 
not, does it become so in passing through the ori- 
fice, or not till it escapes into the air? In order 
to determine which of these three suppositions was 
correct, the apparatus represented in the annexed 
figure, and of which the following is a descrip- 
tion, was employed. • ^ 

A is a ^ass tube passing into the steam cham- 
ber through the cock B, ■which was screwed into 
a hole in the top of the boiler, and was furnished 
with a stuffing -Ikix to prevent escape between the 
outside of the tube and inner surface of the cock ; 

C i^a stop cock affixed to the upper end of the 
glass tube, and upon which cock is^ screwed a 
second glass tube U terminating in another stop- 
cock £. • • 

The application of this apparatus will be easily 
understood. If ^j^steam were, in the satne state 
of electricity in tiir Boiler as when it issued into 
the air, it would necessanly communicate positive 
electricity to the insulated cock C, in passing 
through the tube. Or, if the steam acquired its 
electricity by friction, or othegwise, in channel 
throughjyhtch it was discharged, it could only,m 
the present instance, do so at the exppise of the 
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cock C, A^hich, bein^gf insulalii^, would iin that case indicate ne* 
native electricity. Or, Isud^ly, If the electricaty were^^veldped 
by condensation, expahsioli, or any other caitse which came 
into operation after the steani escaped ipto the air, then the 
cock C would haVe neither poi^ttive hor negative electricity. 

Previously to inserting tjie lower glass tube in the boiler, the 
steam vv^as allowiid to blow off through the large cock B, apd 
the jet which isstied proved, the surprise of ’every one pre- 
sent, almost destitute of electricity. This result com])1etely 
vitiated the inference I had drawn from the circumstance* of 
not finding electricity in the steam from the rain-water ^^oiler 
before alluded to, in w-hich ease, as I Imvc already stated 
ill my second letter to ProSfessor Faraday, the jet was obtruned 
from the gapge cock. ♦ 

The lewer glass tube, without the*upper one attache cl to it, 
was then passed into the boiler,ahd a highly electrical jCt was 
<»btained from it, which communicated positive electricity to 
the stop-cock C, from which the steam wa5f discharged. I'ho 
upper tube was accidentally broken in screwing it on io the 
lower one, leaving only about three inches of glass above the 
cock C. Under these circumstances the cock C still continued 
highly charged with positive electricity, and a pale lambent 
light dashed at short intervals down the inside of t!ie tube 
from the cock towards the boiler* 

Having replaced the lyroken glass tube with a new one, the 
experinaent Avas tried again on a subsequent evening, and the 
jet being noAv removed to a much greater distance than 
before from the cock C, no electricity wdmtevcr could be 
detected in that cock. Awhile the one above it indicate^l posi- 
tiv'e electricity in a very high degree. It therefore became 
pretty evident that the electricity was not developed until 
the steam issue<l into the atmosphere, and that the upper stop- 
cock derived its electricity* from it* contiguity to the jet. One 
circumstance alone seem^ in some degree to militate against 
this supposition, namely, that the electricity of the<cock K 
greatly inci^ased Avbeu the, cock C was jmrtially closed, as if 
the expansion which in tliat case took place in the up{>er tul>e 
rendered the steam electrical previously to its reading the cock 
from which the jet was disohaf^ged. No negative* electricity, 
however, could be discenped in any part of tW^myaratus, and 
witliout a developement of negative elecJCruilPr I cannot see 
how positive electricity can, pc^sibly arise from expansion. The 
more prnbable^explanattoii of the effect appeared io be, that 
the dosing of Uie middle cock shortened the transparent 

or nm-i^<hicting part of j^e jet, thereby caused the elecp 
tricitj' isi^be more readily eonimumcabed fVom the opake part 
of the 



. By Mr, W.O. Amittong. y 41 

Ip consequence, no doubt, of increased accumulation of elec- 
tricily was thiis occasioned in the highest cock, together 

with the unavoitlttble dampness of the surrounding medium, 
the upper glass tube, and the cock above it, became illuminated 
in the most singular and beautiful manner. Flashes of waver- 
ing light Bickered round tlie exterior ^surface of the glass, add 
dart|;d from it to the distance of three or foui; inches, while 
strong rays of electrical light ^treqfhed from the angular parts 
of the cock, and tlie flashes from the glass were accompanied by 
a snapping noise which was distinctly audible amidst the hissing 
of the ^eain when the ear was advanced within n shprt distance* 
from the tube, 

• 

Tlig up}‘K»r glass tube was. then removed, and as an addi- 
tional* test of llie non-existence of frpe electricity in tlie interior 
of the !>oilcr, a pointed w irft vras thrust down through the cock 
C' and Wtbe A into the steam, aftid effectual means w'ere used to 
prevent the escape which would otherwise take place at the 
cock C, in consequence of the tap remaining open to admit the 
wire. Now this wire being insulatej by the glass tul>e and 
cuinmunicating with the insulated cock C, must have rendered 
lhat cock electrical, if tJie steam werg^electrieal in the boiler ; 
but not the slightest indication of electricity could, under these 
circumstances, be found in the cock. 

Having withdrawn the pointed wire 'from the tube, another 
glass tube, of which the sectional area was aboi;t ten times 
greater than that of the one inserted in the boiler, was then 
attached to tile cock C, in the manner as the tube D had been 
before. 'I'he comparatively large bore of this tut>e allowed the 
sU*ain to e^and in a very great degree bq^ore it issued into the 
air, and c^ised it to be discharged in the state of low-pressure 
steam ; but no diminution of electricity could be perceived in 
the jet, when thus attenuated ; so that the electrical develop- 
ment does not appear to de}>end upon*t)ie degree of violence 
with which the steam comes in contact witli the atmosphere. 

TJje entire alienee of negative electricity seemed to preclude 
the possibility of the phenomena arising from expansion, and 
tlic only remaining supposition appeared to be, that the con- 
densation whichrtook place in th#Jet, set tree the electricity 
w-hich the steam had, absorbed iti the process of evaporation. 
This supposition had been previously rendered probal>le, when 
it was discovered tHil the upper and most opake part of the jet 
3 uelded the most electriaty, although I was at first inclined to 
attribute that circumstance to the dampness of tho steam, in 
that part of the jet, rendering it a better conductor, and causing 
it to part more readily with i^s electricity. Experiments were 
next, therefore, commenced to ascertain the effect of insulating 
the boiler, and wholly condensing the steam ; but these require 
repetition before thej^ can be much relied upon. The great 
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difficulty is to e€ect insulation amidst so much moisture, but I 
have no doubt that with a little perseverance this object will be 
accomplished, and 1 trust 1 shall be able to furnish, in time for 
insertion in the next Number of £he Philosophical Magazine, 
8|p(^ further results as will set the question attest. 

' c I am, yours, Sec., 

\ , Wm. Geo. Abmst»o»:o* 

Nswcastk-ttpon Tynr, Koveml^r IS, IBIO. 

( From the Pkilos&phical Magazine ) 


Further 'Evperimeuis on the Electpcitjj of Steam. B}fH. L 

PattinsoNj Esq., F.G.S. 

To the Editors of the Philosophical Magazine and Journal. 

Gentlemen, 

Since my last letter to you, dated the 19th ult. (see page 4^5f> 
voL V. of the Annals,} relative to the electricity of steam issuing 
from two boilers. at Cramlington Colliery, the subject has bcfn 
further pursued both by myself and others, and sparks hSVe 
been obtained from the steam of various boilers, in every direc- 
tion. The mode of operating has generally been that described 
in ray letter, viz. suffering the steam to esciipc from the safety- 
valve of the boiler tried, and testing its electricity by holding 
in it a shovel or an iron rod, the operator standing upon an 
insulating stool. Sfimetimes the indications hav^tbeen very 
slight, and sometiiiles there has hardly been any appearance f 
electricity in the steam ; but in such cases the trials have been 
generally made under unfavourable circumstances, and from all 
that has yet been done, the presumption is certainly that steam 
is always more or less electrical. It is not, however, always 
electrical to the same extent under the same pressure, as T shall 
presently show. « 

Mr, Armstrong was tlie first to experiment wjjth a locomotive 
engine-boiler (one used on the Newcastle and North Shields 
railway), from which he obtained very striking results. The 
directors of the Newcastle and Carlisle railway, through their 
Secretary, Mr. Adamson, gave me permission to experiment 
iip<m the boilers of the locomottve engines on that line, and I 
now beg to lay before you the results I have obtained. In 
pisK||^u*itig for, ahd performing these experiments, I have, as 
WHtfhe, been assisted and accompanied by Mr. Henry Smith, 
mld-i have received .the most willing and efficient aid from 
Mtw Anthony Hall of Blagdon, the mechanics! engineer on the 
railway. ‘ 
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By Mr. H. L, Pattinson. 

1. A copper rod, half an inch in diameter, and five feet long* 

was provided, made hollow for lightness ; this was terminated 
at one end by a two inch ball, .and at the otber (which was 
bent at a right angle)* by %en or twelve sharp^pointed wires, 
spread out in every direction to collect the electricity more pe»- 
fectly from the steam, • 

2. •The Wellington locomotive engine, immediately after 
coming to the station with passdhgefs, was first tried. At this 
time the steam was blowing forcibly out of the safety-valve, at 
a pressure of fifty-two pounds per inch. On holding the, 
pmnted • conductor in this current of steam, with its point 
downwards, the individual holding it sWnding at the time on an 
insulating stool, sparks three to four inches long were given 
off from his person to the, boiler. The sparks were largest 
when the valve was held down a minute or two and then sud- 
denly lifted, 80 as to suffer a large volume of steam to escape 
with great rapidity. By this management the* sparks were 
frequently four inches long, and occasioned considerable pain to 
the person on the stool, even when given from a brass ball held 
in his hand. TJie sparks were largest when the points of the 
conductor vrere held in the steam about two feet above the 
valve ; but larger sparks were obtained when it was held much 
higher ; and indeed sparks were obtained by holding the con- 
ductor entirely out of the cloud of steam, and at a distance from 
it, for the air in the wooden she<l in which we operated became 
speedily electrical throughout. The electricity was positive. 

3. The steam in the boiler was now gradually run down to 
see how the electrical condition woulc^vary with the pressure. 
At forty ppunds per inch the sparks betame much less, the 
largest not reaching three inches. At thirty pounds the largest 
spark did not reach two indies; at twenty pounds it became 
barely an inch ; at ten pounds not more than from one-fourtii 
to one-half of an inch ; and at five pounas per inch pressure the 
spark was hardly perceptible. But if at any pressure the valve 
was field down^ few minutes so as to suffer the steam to accu- 
mulate and then suddenly opened, there was always a great 
increase, for an instant, of the electrical effects. 

4. Another ffioiler, tliat of the Lightning engine, which haxl 
also just come in from a trip, and liad steam blowing off 
forcibly, at a pressure of fifty pounds per inch, was now tried 
in exactly the same way as the Wellington. On holding the 
pointed conductor in the steam, whetlier regularly blowing off 
at the valve or escaping with great rapidity from *tlie sudden 
lifting of the valve, it did not yield a spailc more than one- 
fourth of an inch long, We*then blew a auantity of water out 
of we toiler of the Lightning until it barely covH'ed the tubes 
inside, and on afterwards testing its steam blowing off at fifty 
poiinds per inch, the spark was found increased to nearly two 
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inches in lengtli The steam of tlie Lightning was, however, 
much less electrical than the steam of the Wellington at the 
same pressure, under all the circumstances of our experiments. 

^5. The strong current of steam end water issuing from the 
Imiler of the lightning wjien the water was blown out of it as 
jti^t stated, was tested for ^electricity, but no indications ceAild 
be perceived whatever. • • 

0. A very large conductor had been provided, made of zinc 
|wo-inch tubing, in this way, — three rings were made of this 
tubing, respectively three feet, tw'o feet, and one foot diilmeter. 
These rings were attachoil to each other a foot and a half ajwirt 
by side pieces, so as to form a hollow frustum of a cone, three 
feet highf with ends three feet and one foot diameter respec- 
tively. The inside of this cone was laced across with copper 
wire, and the whole bristled pointed wires in every direc- 
tion. By means of a long iron bar, placed upright in a cask of 
rosin (both to insulate it and to serve as a lbot)„ and a hori- 
zontal arm projecting from it, made to slide up and down on 
the vertical bar, the large conductor could be jilaced in any 
part of the cloud or steam issuing from tire valve, and the elcjc- 
tricity given off could be conveyed from it in any direction. 
Care was taken to round off all parts of this conductor, so as to 
avoid sharp points and angles as much as possible. On trying 
this large conductor in the current of steam from the Welling- 
ton, we were disappointed to find that it did not yield a longer 
spark tiian the small pointed coj»|>cr rod with which ive had 
previously experimented. The spark was larger in voluim% 
but it did not possess greater intensity. It never struck through 
more than three inches of space, but its e0*et.t upon tfie person 
w'hen taken was very violent and painful. t)ur intention was 
to have ascertained the rate at which large jars could be charged 
from the steam, in ord<Pr to form some idea of the quantity of 
electricity given off ; but the eveJung had become very damp, 
and the air was so moist, that we could not prtK;ure suiflicient 
insulation, and we were obliged to relinquish thd attempt. 

7. When the large conductor was held in the cloud of steam 
with its lower part or apex about two feet abowe the valve, it 
gave off numerous and powerful sparks ; but if at this time the 
points of the small conductor were placed by a person connected 
wtdb the ground in the steam below the large condtitrtor a foot 
above the valve, the electricity given off by the large conductor 
Was materially diminished. 

ft,,,j^.|iieanfi.of« the entire engine (tlie Wellington) 

the rails and placed ^ipon blocks of baked w ocxl, 
Jwulate it entirely. The steam being now blown off at 
tlM'Mlve;, the boiler and engine became strongly electrical with 
negiatlre electricity ; points placed upon any part of the engine 
exhibiting the peculiar star of the negative element, and thre-id* 
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suftpendecl from the engine being repelled by excited sealing- 
wax, The steam was at the same time strongly positive, and 
when a point connected with the conductor held in the steam 
was brought near a point attached to the insulated boiler, the 
pencil upon the former and star upon the latter were beautifuTly 
decj^sive as to tlie electrical states of eSch. 

9, I repeated Volta’s experiment by placing a hot cimier 
upon the cap of a gold-leaf electrometer, and projecting a few 
drops of water upon it, when the leaves diverged strongly with 
negatiw^ electricity. I observed, that when the cinder was ver^ 
hot^ and the production of the steam ^consequently very rapid, 
the electricity given out was always most powerful. 

10. I then insulated an iron pan, twelve inches diitineter and 
two inches deep, and attached to it a pith-ball electrometer, 
with btdls three* eighths of an Inch diameter, and threads five 
inches long, and also attached to the pan a metallic wire, the 
pointed extremity of w’hich was placed almut one-twentieth of 
an inch distant from the ]>oint of another wire connected with 
the ground. The iron pan was then fillcfd with cinders, very 
liot, from a wind-furnace, and on projecting upon them a few 
ounces of water, steam was evmlved with great rapidity, and at 
the same moment the pith balls diverged to ibe distance of an 
inch, and sparks passed l>etween the metallic wires. This was 
several times repeated. 

The.se experiments enable us, I conceive, to give a clear 
explanation of the electrical phenomena presented by steam. 
There is no doubt, whatever, as Dr. Faraday conjectures in his 
note to Mr. Armstrongs paper in your la^ Number, that this 
evolution of elcclricily by vaporization is the same as that 
alreaily knoW’ii to philosophers on a much smaller scale.’’ The 
electricity appears to originate at the instant of v.'iporization, 
and the steam as it collects within the boiler is electrified with 
positive electricity, the w’ater and metallic boiler being at the 
same time negfrtive. In this condition the electricity of both is 
latent, likethe electricity of. the two j^lates of an excited elec- 
trophorus ; but the instant steam is suffered to escape, itfe posi- 
tive electricity #l>eing carried off along with it, and out of the 
irifiuence of the equivalent quantity of negative electricity in the 
boiler, becomes free, and hence the steam is electrical with 
positive electricity. I'he same thing takes place with the 
boiler, in which negative electricity is set at liberty as the steam 
escapes, and which becomes evident on insulating tjie boiler. 

When steam much mixed with water, orewbat engine-men 
call “wet steam,*’ escapes from a boiler, it evidently cannot be 
very highly electrical, for the negative water will tend to neu- 
tralise the positive steam, and this may perhaps in some mea- 
sure account for the increased effwt in the Lightning on lower- 
ing the water within its boiler, and for the increase of intensity 
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in boiler, observed when the valve has been forcibly held 

down and is suddenly opened ; bat it does not seem sufficient 
to account entirely for these variations of intensity, nor for the 
diffifrence of intensity in different boilers it the same pressure. 
It is therefore probable that chemical action between tne metal 
of the boiler and the water has something to do with exalting 
tho electrical condition of the steam at the moment it is gene* 
rated ; but this part of the*'subgect certainly requires further 
investigation. By far the most powerful effects up to this time 
hfive been obtained from locomotive engines, in which water is 
heated in contact with brass tubes. How far this may iiAuence 
the production of electricoty, further experiments must deter- 
mine. It is certainly somewhat curious to consider the splendid 
locomotive’ engines we see daily in the light of enormous elec- 
trical machines ; but tliis they undoubtedly are. ; the steam is 
analagous to the glass plate of aVi ordinary machine, the boiler 
to the rubbers ; and a conductor properly exposed to the escap- 
ing steam gives out torrents of electricity. 

I am. Gentlemen, 

Your obedient .servant, 

H. L. Pattison. 

Bentham-Grovf*, Gat«»slir«d, 

Norojnber lilt, )H 40 . Jhid. 


On Terrestrial Magnetism. By John I..ocke, M.D., of 
Cincinnati, Ohio.'^ 

Messrs* Editors — For three or four years past, meat of the 
scientific men of our country have felt an interest in the exami- 
naUon of the elements of terrestrial magnetism on this continent. 
The increasing attentunt to this subject in Europe has operated 
sympathetically, and has excited a few of us to action. Profes- 
sors Bxche, Courtenay, Loomis, Jackson, and my|elf, have each 
devoted a portion of our time to actual surveys ; the results, so 
far as they have been communicated and published, are to be 
found mostly in the papers of the American Philosophical So- 
ciety. But few of mine have yet been made pubfic. The field is 
a very broad one, and fhe amount of labour yet to be performed 
is very great. As tliese elements are subject to a constant and 
progressive diange, besides an annual and diurnal ff actuation, 
tlieexttct laws of which are as yet unknown, time gnd a multi- 
of oBservations at each separate station are required 
befioife anygieheralbsations can be well estal^tsbed. 

I have i^i^year commenced maHifig monthly, knd sometimes 
cve^ observations at this place. In our money making 

• Trom Sillifnan's Am<eriean Jtmmat. 
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country, I can procure little or no assistance in so unprc^table a 
business* anti ray hourly observations are almost too laborious to 
be continued. My friend and correspondent. Prof. Loomis, has 
collected together sifch observations as liave been made, and 
has published them in tables and in the form of a chart in 
your Journal,* but so few have beesi the observations, and in 
th^ generally no attention paid to.the annual diurnal changes, 
that such a cnartraust necessarily •be only an approximation to 
the truth, except at the few points which have been perticu- 
larly ej|amined. In the present volume of this Journal, pg. 
49, f Professor Loomis has, upon rather hypothetical 

grounds, marked his own observatiens, mine, and Professor 
Courtenay's, with ** apparent errors," to a considerable amount. 
Now most readers will understand by this, that the results 
of the observations are absolutely out of jtriitli, or disagree 
with nature to the amount not^d. A careful examination of the 
article shows that this was not his meaning, for the standard by 
which these error.s" are made to appear, is more questionable 
than the observations themselves. Prof. Loomis, from a com- 
parison of tile most ancient with the most recent observations in 
our country, supposes that he has obtained the average annual 
decrease of the niagnetical dip in the United States. He then 
applies this quantity as a correction to previous observations up 
to the present year, projects lines of ** equal dip’’ in the direction 
imlicatcd by two or more points thus determined, and by so 
much as late observations disagree with these calculations, he 
has noted them in ** error." The only objection which I offer 
to this mode of expressing difference, is that it will not generally 
be urwlerstood. I'here is certainly no better authority for the 
dip at any particular time and place, than careful observations 
made with the best instruments. When artificial lines do not 
agree with observations, it is evident that those lines should be 
marked in error/* The lines of equal dip, as obtained by 
actual survey, are not great circles nor uniform curves ; they 
undulate irregjilarly, converging in some places and diverging 
in others, and sometimes, I believe, one line of equal dip will 
divide into two which will afterwards reunite. It is perhaps 
customaiy wit^ those who make m^iletical cliarts, to endeavour 
to equalise these natural irregularities, as the engineer after a 
survey for a road equalizes the hills and bollow^s to obtain a less 
devious but more artificial survey. Such a line, although it is 
easily projected, and looks well in the chart, has no existence in 
nature, and is only an artificial approximation to truth ; so far 
as it departs from the results of actual observatidns, the line 
itself should be marked in error, not the ob^rvations. Tliis, I 
say, would be philosophical ; •a conventional mode of expressing 
the same relation in differeril terms may obtain a preference, 
and would be objectionable provided it should be properly 
understood. 

* Vide SiHiinan'f^ Joiunil, A"ol. xxxiv,p. V ol. xxxix, p, 41. 

-f- Ibid. 
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The number of my magnetical experiments were made 

in Jpwa and Wisconsin 'rcrritories during last autumn^ and the* 
general results, including both the tbp and intensity, have been 
communicated both to Congress and to the American I*hilosbphi- 
caj Society. * But I am reminded by the above suggestions tliat 
I ought to lay before the ppblic a specimem of the details at large, 
that a proper judgment may be formed of £he degree of ci;^?dit 
to which they ire entitled, cl gl^all confine myself at present to 
that |iart of my observations for determining the dip. My 
dipping compass was made by ttobinsoT», of London, ip 1827* 
As a clieek u}>on errors, I make at each station, .by 4liBans of 
two separate needles, a (Rouble suite of observations. In each 
suite all the usual reversals are niade, including the face of the 
instrument, the face of the needle, and the polarity of the 
needle by retouching, 'i’lie dip therefore determined by 
eight distinct readings of each needle, the results almostj/ilwj||S 
agreeing within one or two minutes of a degree. The incaiimf 
the whole of the sixteen readings is finally taken. The follow- 
ing are examples : — 

JVo. 1. lou-a Terrih»'%f, 1839. iMt, 41® 3't’ .V,, iMn, liij® 18* W'. 
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tit r " *§^r9^rmi Magnetism. 

The'libove ap 0 cii 9 O»^<if my fteWomlRs are. diA adiectjed, but 
are tak^^ in coarse J^pom oi^e to seven. Those ivhiclj follow are 
a|so; m couj^ Wn,.^e€^ b^ute %in 

Wflllll tjKe 


he evidence of jdie aiccuracj "cC tWv.dlK^ 
on the very close^agneetnentof theindqp^lP^nt resulla obtained 
Iw the ijro sepafatf n^^lea. It vinUi bn seen that out, of the 
efeven cases |d>ove ^unt^y there, is btt| omt in whichNthe 4^%r- 
^ce is over of oae miwte of a deipnib s^nd that is the 

fmh» wlu<^ shows a difference of one minnte and five^eighth^of 
a! minute. Ijt there were a certain laliituae of ^rrm^ say hve 
* ininutes, it is ev^ent* by the calculation of chances* that such 
eiTor" b^ween the two iiecdles* would at often be doubled by 
being, the on^' plus and the other niinus« as, it would be merged 
by ii^hrbeiiig nW or both minus ; and hen^ half of the 
^eatW difference by the two needles may ha taken as the 
lijpit of instrmnental errors, which in the alwve qb^Tva|^pns 
woiild be dhly b\k6i5 of a minute ; a quantity much smaller 
^an I shiduld h^ve ikiticipated before making the cacammation. 
The instrument is evidently a very perfect one, yet at certain 
points. When the dip arrives at a particular quantity, probably 
from a want of perfect roundness of the pivots, one needle will 
read constantly and uniformly more than the other. I'hus at 
Dubuque, where the dip is 73^ 04% needle No. 1, read in the 
mean, constancy . 2 A* more than No. S. Even this error would 
ordinarily be considered very small. The French have a say- 
ing that ‘^the dipping compass is one very ungrateful instru- 
ment.^' But witn this fine piece of workmanship of Robinson’s, 
I have repeatedly admired the beautiful manner in which the 
reversals correct all of the errors, and the two needles, none of 
whose individual resUings arc alike, will ultimately in the mean, 
give almost identical results. 


In my surveys, I did not expect the dip to be so little at 
Prairie du Chich, norw great at Madison, Wli^orisin Territory, 
as I found it. I went through with four' suits of observations 
at the former place, b^ore f wjtet satisfted of their jcorrectw^s. 
But all of the obsdrvadohs b<£!^een^ du Chien and the 

four lak^, a^ee in d^ermining that thj^ lines of equal ^p 
along tbfe Wisednsfh riVer, in adiriincii^g lyestwaM, incline 
rwi^y to north. From a point abpqr five miles south >f 
Min^al ’Fh&t, the bne of dip w 73'^ ‘ Prdirie du 

Chien, in tbe'^dfirefetion of west ^2® lO* ujSiilSi." The curvature 
b^v^e^ l^jultson and Bkie Bloimds, is' probably stiR more to 
At Dubd^ hc^ever, was no eyld^ce of 

auf^hikT^oftbem inclr^atipn of Uqes of equal, dipL At Co- 
lufttmts, dip ^peairec} to ^ W much less lhan 1 ex- 

aner 'd^rmm it twice at bur siatioq^jsuspecting , 

loj^ I rernmifed Jo^anothW a mile distant, but the 
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i imicifiiMI^^ tli»{]ttrtiife bf the Msd^vie^cat ^antities 
frdm their general axid was especiauy ceetfc^ in my 

eximtTtetioiitf, bat wea coili|>elleii ^ record their n^ulis 

in obedience to the evititorrty of natiirA I beHitve there are «o 
nfeny ehomaUee m eleinehtd of terrestnal melpileitism, thit 
the only sa(b 'trey in proceedirij^*Witfl our imrv^s, is to observe 
industnously^ ft:^ ptit down carefnlly, the resnltrof experi*- 
ments, wkhoeit any relbreace to artificial lines, uiitil we nave , 
dotted thb map pretty thickly over with our record, afail then 
see into what iWms they will arraiige them^lves. 

I have^ thus laid before your readers so of ^my field 

notes as will enisle them tci» understand in g€«l^;id my mode of 
operating, and have presented to^eni the evidence which con- 
vinces iffe that the results, at Ae time and place given, were 
accura^ within at least two or three mihdtes j^a Seffree. By 
this mekns I hope to inspire that con^dence ^hich alone gives 
interest to snich researches. Ihe papers of Brof. Loomis are 
well calculated to draw popular attention to this very mteresting 
subject, and we hope that a science vrhich has been considered 
of sufficient importance in foreign countries to induce their go- 
vernments to erect observatories, supply them with instruments 
and observers, and even to fit out naval expeditions to explore 
disbiiit regions for the advancemeiit of its interests', will not soon 
be neglected by its few votaries in this country, or be so far 
overlooked by the great body pf our community, that all en- 
couragement to its cultivation will be withheld. 

Here I had intended to bring my renuurkl to a close; but on 
reviewing them I perceive there is a possibility that some of 
them may be understood as a censure upon my friend Prof. 
Lixnnis. Nothing of this kind is intendeib There is no difier- 
ence of opinion between him and myself as to the facts* It is 
merely the manner of representing a fact which has elicited the 
remarks. A diiffireiice exists between an artificial line and a 
quantity determined in fiict ; call the one A and the other B. 
The question is then merely, is it more expedient to assume A 
to be the standard and mark B in error, or to assume B as the 
standard and mark A in error ? I object to the d^toe which 
Prof. Loomis lias made, because it will give to most of your 
readers, Stu^ as are not magnetictans, the impression that both 
Prof. L^mls, Prof. Courtenay, Capt. Sabine, myself mid others, 
are unable td determine the dip within a very great latitude of 
error. Bui. Prof, Loomis did not originate this mode of expres- 
sing the dUfereni^ df ihe two quantities ; he had the precedent 
established bj^ ihe most able mrdgn magneticians. It may be 
authority in Biis case, as in numerous ofners, 
ought to prevail, and that Prof. Loomis is right in conforming 
to that authority. Still we hope the dheuasion of the subject 
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On |A« Bdmar4»iH with hfonatiu 

Je aol widiQiit il> nae to a large clasa of reM^i making 
them more familiar with some of the inlareating 

and in mmy retpect^ a new science^ *and by inspiring them 
arith^l^e^r com^nce in the degree of perieecloii to which 
magnetickns h^ve arriiMeid in their observi^ions. They will, I 
hope, . idteresi, in the observattpne of Fr^. l»o<»ni9 

^mself, who is fnnnsbed Viik the best oC instruments, not rnily 
in magiwtism, but in meteorology end adtronomyf le in all 
of these deparnnents an industrious and accurate observer^ ^ 
Could the necessary labor be performed, su^ charts as would 
exhibit the lines of equal dip, equal variation, and equal inten- 
sity in all of their various windings, including, all of the so 
called local indueuoes, minutely tme and fatthAil to nature, I 
believe some new generalisations Ibould be obtained. Possibly 
it might appear that particidar geological formations are asso- 
ciated ^witn some peculiarities of magnetism. There was an 
indication <?€ this kind in the survey of Iowa, to the Beport of 
which the reader is referred. But to estatilish a generalixation 
requires the concurrence of numerous instances of the same 
kind ; the change of magnetism with a change of minerals 
might in a single instance be accidental. 

Medical CuUege of Ohlo» at €ir u-ianatl, My SO, 1S40. gmhmm’B 


On the identity of Edt^^ardsUe with Monarite (MenyUe,J and 
on the Contpoeilion of the Musouri Meteorite, liy Chakles 
Upham SBxrAKn, Professor of Chemistry in the Medical 
College of South. Carolina. 

The Journal of the Ftanhliu Institute frnr May, 1840, contains 
the following translation from PoggendorflTs Annafen der Phynk 
nnd Chemie, No. I, J840, d an article by t^ustavua Rose, on the 
identity oPEdwardsite and Mcsiastie, 

** 'f ^ royal ccdlection at Berlin received a hagiiient of gneiss 
from Norwich, in Counecdcut, cmitaining a p&rt of a crystal of 
Edwardsits, which aiiliough Ometafed on either tenuiua^un, had a 
sttfiicietit number of planes remaining to determine its angles, 
Shepard (American Joaxnal of Science andsAits, xxxii, 16@) 
cormctly i^erred this mineral to the oNsqae^rhombte system, and 
added that the prfsm was terminated by a foiii>sided pyramid. 
Be obsiBved that the cleavage was sometimes perfect, but generally 
imeven parallel to the obiiqiie terminal plane, hut vnry perfect 
namHel 4o the Icmger dtogonah He luither remama that 
It bore the closest resemhlatice to EHcnn, which the Munaxite was 
iliipposed to be by Beage, who ibund i| an tla^ Ihneu branch 
Of w llfalian chain* The few measurements of Edwardsite nearly 
4Mwxea|ioiid with those of Monsanto, excefSteg the inclination of 
an oblique terminal plane to the plane replaeiug the obtuse lateral 
edge, v^icii, with Monaltite, give an an^e of 100® 3’, with Ed- 
waidiite 103® 58*, bat the calculation of the former was grounded 
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on In regard iD IcRrm/ theralbtd, th# 

two tt»w»«»dl8 

*• Tboy «l$o reseiiitjio 0&ch dt^^pin Tel^don to o^cl^^mopertiea. 
Colour, hyacinth re4 to r«dii$h brown, the linar<^ of nidward^ie 
^tnewhat etrongef* ^ (aj^tite). Bp^olio gmrity of 

Bdwardsite is rate4; too low by Sby^ard 4.S to 4.#, — that of 
Monazite, accotding to Breitbau^t = 4.^9^ to 5.079. In beha- 
viour before the blowpipe alone, or with Bnxes^ both aMke, both 
infusible. Shepard observes that the former fnsea with great 
diMctiUy oh the edges, btit nO' such- fusion Was observable on the 
»i>eciinon in the royal cabinet. Thei^h are some differences in 
their behavionr with acids, ^ the former, according to Shepard, 
being stfghOy affected by anna regia, the Monazite, according to 
Kersten being decohiposi^ by c^lOTohydric acid with the evolution 
of chlOHne. 


" The fmparent difierences of their chemical compoeition may 
he reconciled. The Monazite was analyzed by Kersien, the 
Edwardsite by Shepard. 


Monoztfe. 


1 Edwardiiie* 


Peroxide of cerium. 

26 00 

Peroxide of cerium. 

56.53 

Oxide of laiuhaniuiu. 

23.40 

Zirconia. 

7.77 

'I'horina, 

17.95 

Alumina, 

4.44 

Peroxide of tin. 

2 10 

Silica. 

3.23 

Protoxide of manganese. 

1.86 

Protoxide of iron, 1 


Linio, 

1.68 

Glueina, > 

tiaces. 

Titanic acid, *1 

Potassa, J 

traces. 

Magnesia, y 

Phosphoric acid. 

26.66 

Phosphoric acid. 

28.50 

a 



98.49* 


98.73 


** The chief difierences then are that ^Monazite eontaiaa both 
oxide of cerium and lanthanittm, the Edwardsite only peroidde of 
cerium, (Shepard gives protoxide,) that the ibnner contains tho- 
rina, the lattef zirconia. Lanthanium is probably contained in 
Edwardsite, as it generally accennpanies cerinm, having been first 
discovered during the past year by Moaander, (was unknown to 
Shepard.) ln*regard to thoriua and zircemm, it can hardly be 
assumed that the given quantities are comet, since we have no 
accurate mediod of separating them from* oxi4o of cerium ; it is 
lievertheless worthy of nonce that 7*77 zimmia are a nearly full 
e^nivalent for 17.95 tbovina, for the Ibnner contains 2.04, the 
thor^ 2;}2 Oxygen. It might, therefine, be suf^sed that the 
thorlna rsplae^ by zhoonia in Edwardsise, which, however, 
cannot he assumed fimm the pnssetit view of their atomic eompo- 
sition, sfisee, according to ^rzelius, thmina is eiimressed by 
0, zircfinia, by 2 Zr -i- 30. The tin in Monazite is 

•There ie evidently some error in the figures of this analysis, for the sum 
of those given 101.42. 



Oh (ht Ednardsile vmh Monazitt. 

e>ide^^;accid^t«i ils pinulene^ ramrkfibly a3 

Rose tamarks,ld found it also in Edwaii^t^ muttS ol tbe 
blow-pipe. If tbe presence of zircouia in ISuwardsne be confinned 
an| Its ispniorpby witb tjfiorina, then ^ese two nfinerati can only 
bo separated as species; if^not, then .both will probably agree in 
tbeh: Gbemtoa! emuposl^on ; in which case, it will be vtme proper 
to retain the naihe Mona^teicvhich it first rmtved.*’ 

It is proper iu the first place to observe that Monazite'is the 
i^me mineral as that described by Mr. H. J. Brooke under, the 
name of Meng^te m the Philosophical Magazine and Annals for 
September iSi, (p. 1^.) Having received fiom this gentleman 
a go(»d crystal of the Uralian mineral, and being very forcibly 
struck by (he considerations presented ^in the foregoing pa}>er, 1 
instantly set about such an exammaiion of the Edwardsite as iho 
nature of the case solicited from my hands. * 

Thaur identify in crystalline form amwars to be nearly complete. 
Brooke gives 5f on M 95*^ 30’, and I find the crystals of Edwaid- 
site to measure from 95® to 95® 30’, Again his angle between 
the base (P) and the prism (M) corresponds exactly with mine 
as given in my first paper on the Edwardsito. Being unwilling to 
fracture ray crystal of Monazite to learn its cleavages, I can only 
add on this head that lines, or rifts of diagonal cleavage are very 
conspicuous in it, in exact accordance with those which are so 
' striking in the American mineral. 

'rhe uisci^pahcy in specific gravity between the two minerals 
disappears on subjecting larger crystals of Edwardsite to examina* 
tion. f obtained on a M^ent weighing 2h grs. the specific gra- 
vity of 5.00 ; whereas the Monaziie crystal, whose weight is 3 grs. 
e<;uals only 4,01. It will no doubt be a difficult point to establish 
an exact agreement between the two, since the spcciutens to be ex- 
amined are not only, exceedingly minute, but much entangled with 
other enbetiance8,aS mica, tin ore, aescbenfte, ficc. 

A^er proceeding thus far in the exammatkm, 1 fok but little 
hesitatimi ip concluding that the analogy would be found lo bold 
further, and extend to an identity in chemical campoftiikm; the 
more so, as I distinctly remembered several atn1%tfous and nearly 
irreebneUahifo clrcuinataiices 

AU Edwardsite .1 cotdd coUect by bi^e^kl^ tip nnmeiana 
fpedtbehs of the rock amounted U» but grt^s. In examining 
oac|i irpf^em in order to^separate Ibrmgii m^t^ piior to pol-^ 
v#i|^dp» i ilsceetej^ one, Vj^ perfect 

%* |9? of piy TraatJae,) which talfm with 


By Charles Uphm Shejpi^d. $7- 

the fapt that they have frequently been ubsenrad in proximity to 
the Edw$rdsite, leads me to attribute in ^ dm nirconia of my 
tbitner analysis to this ^nree« 

My present object tyas not so naueh to determine the number 
and proportions of the ingredients us to oscertmn whether.^e oxide 
of lanthauium and thorina are constituents of the miimrai, It was 
heattd to whiteness for half an hour.*with twice its weight of an- 
hydrous carbonate of soda. The mixlure fused into a hard, 
ydlowfl^h gray compact mass, which was treated with boiling water 
and the insoiubjie part separated on the filter. 

The alkaline fluid was supersaturated with acetic acid, and pre- 
cipitated by acetate of lead. The phosphate of lead was ignited 
and weighed 7*5 grs., which is equivalent to 1 grs. phosphoric 
acid, or 27.04 per cent. ^ 

The jnsolubte matter from theiaqueous solution of the calcined 
ujineral was now treated with nitro-hyhrochloric acid, and, diges- 
ted ibr Several hours. The insoluble portion was separated, ig- 
iiiiod and weighed. It amounted to 2 grs. Its color was reddish 
brown. Believing it still to contain oxide of cerium, I subjected 
i t to a now calciiiution with carbonate of soda, in order to its more 
conipleie dccomponiiion. It bad the desired effect; for after the 
digostiou of the calcined mass afresh in aqna regia for two hours, 
the iusolubhi matter was reduced to I gr. which still retained, how- 
ever, a /pale tinge of red, evincing that it was not wholly deprived 
of the (. xide of cerium, or lanthauium, or of both. 

This, powder was now treated with concentrated eulphuric acid, 
diluted with its weight of water. * A solution was effected with 
some diflSculiy, requiring for its completion a digestion of at least 
two hours. ]!^othing remained behiuo, save«t feeble trace of titanic 
acid. The colour of the fluid was yellow. 

1 1 exhibited the following properties : ammonia threw down a 
wlute hydrate, which absorbed carbonic acid from the air, and was 
really soluble again in hydrochloric acid, with effervescence. Ferro- 
cyaiiide of }>ot^sium threw down a precipitate when added to the 
neiiini] sulphate, which it'does not do in the case of zircoiiia alone. 
From these facts, I think it safe to inferf that the solution in ques- 
tion contained j^ncipally thorina. 

The nitro-hydrochloric solutions of cerium above mentiqned, 
were mingled and precipitated by ammonite The precipitate was 
dissolyed in nitiic fuud^and the solution evaparated u> dryness. It 
assumed a toae And had a decided astrin^ut, but metallic; 
taste. A solution of hydrochlonte of ammonia was added< and 
on the amplication of heat, the InsolubOe oxide was dissolved with 
the evolution of ammt^niacal gas. I fsel fuU| authorised# there- 
fore, to announce the etistenc^ of the oxide oi lantbaninm in the 
Edwardsite ; but as ' to the ratio which it bears to the oxide of 
cerium, I was unable to determine anything satisfectorily. 



^8 of EdwanUite with Moua»i/e. 

Whenever t am able to procum a auffi^eiit qtianlitv aC the 
mtnefal« I shall renew the research into its composittoitV in 
the mean time» 1 am sufficiently satisfied of its relationship to 
Mengite, to withdraw the claim 1 at first advanced to its distinct 
specific character. **' 

By the above ifiy^igaticm, new elements are added to tliose 
already known In the B|sfte*ef Qmiiiecticut. Mr Bose delected 
till also by the blowpipe in Edwardsiie. I may add thatJl imve 
the same ^tal Iroiii two other places in (he state^ ao ' account <^f 
which, together with a notice of selenium which accpm|>aiiies 
the tin at one of its deposits, I reserve fora future occasiop. The 
list of oureleuients has therefore been augmented to the number 
of four, w'jjihin a short i>eriod of lime. 

' I detect tlie Edwardaite in a solitafy crystal at the original lo- 
cality ot Sillimanito, in the town* of Chester, upon the Connecti- 
cut rivjer; but it does not appear probable that this will prove so 
abundant a source of the mineral as the depivsit at Norwich. 

Ibid 


Analysis of Metsorio Stone^ mhich fell near Little Piney, 
Missouri, Feb, VMh, 1839* 

This specimen was obtained by Mr. Forrest Rbepberd, and 
described by Mr. E. C. Herrick, in this Journal, Vol. arxxvii. p. 
385. Mr. Shepherd kindly placed the mass at my dis]>osal, which 
enables mo to extend the account already published by itie 
following notice: — 

On first inspecUo% the stone ap]>ears rather compact and close- 
grained ; it is nevertheless composed for about one half of small 
imperfectly defined globules of the miiierul which has been called 
meteoric olivine; in colour they are light gray, inclining to 
pearl-gray, and when fi*«s|ily broken across, show lints of yellow 
and green. The remaining stony ingredient Is white and semi- 
decomposed, resembling the feldspacbic mineral in trertain tracliytlc 
lavas. 

Through the whole is sprinkled meteoric iron in little shining 
points, whicb are often invested with a coating o^magnetlc ^n 
pyrites. By the aid of a glass, a few litt^ bla^ Pptnts were 
discovered of a minerals which appeared to be chrome-iron ore. 

Kotwithstaitding the apparent firmnofts of masa, arifdim out 
oC its close-grained structure. H is still poseess^ of little 
colMtsioni, mnsie a slight strain id the Jngers is sufficient to pr^ace 
a fi»cture, even in a/oundod Hpgntent of s|pi;i||^^ 

Imsimn up In th^ a^nner, however,,^e, ^ not jpvona to 

sqpaiRiHo fiitther^ so as easily to give fiss to e ppirder. 

'f%e W Mn is not tarnished by ertposnre^^ the air* It 
Wis emnitied for chlorine, without affording any traces of this 
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ele^Aictt: The moat etrikin^ |>ecuHanty found in this atone, was 
the limportioti of nickel. At first I failed to detect it alto- 
gether, but on a refetitton of the search with eight grains of the 
alloy, w|iose nitro-^hydnochloric solution in a oonoentrated form 
was decomposed by ammonia in ^cess, I noticed an exceedingly 
faint blue tinge in the fiuid. The chromium, ^howerer^ is more 
ahttitdanl than esuai« amoutiii|ig ig^hboye 3 p. c.« I did not search 
for tin or manganese. 

The following is a sommary of the results obtained : — 


Silicic acid,.., 

Magnesia, ...» • 

Protoxide of iron, 

Aliunina,.,. ... 

31.371 

25.88 

17.25 

,49 

^Earthy portion. 

• 

Soda, 

•Iron. ..... 

traces. 

16. 


Cobalt, T 


Chromium, V 

4.28 

Meteoric iron. 

Nickle, 3 

traces. 

Sulphur, (phosphorus ?} and loss. 

4.73 J 



100.00 

Ibid 


BRITISH ASSOCIATION PROCEEDINGS 

AT GLASGOW, »lt40. 


Oh the Cause of Ike Increase ^ Cdlour by the Inversion of the 
Head- By Sir David Brewstek. 

It has been long known to aU«arti8ts and tourists, that the 
colours of external objects, and particularly of natural scenery, 
are greatly Augmented by viewing them with the head bent 
down and looking backwards between the fee^ that is, by the 
inversion of the head. The colours •of the western sky, and 
the blue and purple tints of distant mountain scenery, are thus 
beatltiflilfy developed* The position of the head, however , 
ividch I have ^crflied, is a very inconvenient one ; but the 
eifectwfeiay he produced, nearly'tb the same extent, by inverting 
the head so hat ns to look.' at the landscape backwards beneath 
the thighs or left arm. It is not easy to describe in any precise 
dMsguage, the degree of increase whicdi ^e colo^ of na^ral 
scenery thus receive ; but an idea may be formed of it nrom 
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the facjt that the colours of distant mountainsj irhich «|i|»ear 
tame iHid of a French grey colour 'when viewed widi^^teJiead 
erect, apjiear of a brilliant blue or purple tint withfhe head 
inveried. 1 am not aware of any author, except John 
Hefschel, having attempted ’to explain this phenomenon* Mia 
has, if I rightly .recollect, ^one this in his work ^ Un Lighh;*’ 
but whetht^ it i» tn that j?oi:% or ^ot, I remeinbei* wall, that he 
ascribes the increase of ine colour to the <^cinpwt*iico that the 
inversion of the head Oauses the pictures at the. i;^loured objects 
tai.fall upon a part of the retina not accustomed to the exercise 
of vision, and therefore less fatigued by the iOipr^ions of 
external objects : in the same manner as when we look long at 
coloured objects, the brilliancy of their colour, or of any adja- 
cent object is greatly diminished. * An incidental observation 
led me to suspect the accuracy of this explanation, andppon 
inverting the landscape by reflection, I found that no increase 
of colour took place. 1 then viewed the inverted landscape 
with the Jiead inverted, and found the colour to be iiwnreased as 
before. Hence, it appears that the increase of colour is not 
owing to the simple inverciem of the object, or to our viewing 
it under unusual circumstances. That the augmentation of 
tint is not owing, as Sir John Herschel supposes, to the impres- 
siem falling upon a part of the retina not so much accustomed 
to receive such impressioxw, is obvious fimm the fact that the 
tint is the same upon whatever part of the retina the image 
falls ; and it is easy to sec, that tlie very same part of the retina 
is affected, whetlier we Jock at an object with the head upwards 
or downwards, or in ^y other position, provided we look at it 
directly 1 In order tdH^uire some information on this subject, 
I requested a friend who was unacquainted with any thecrretical 
views that had been advanced, to make some observations on 
the change of colour of distant mountains. The result of 
these was to convince hinf that the increase of tint arose from 
the protection of the eye from lateral light, owing to the position 
of the head when inverted. On submitting the trillion to 
examination, 1 found that jthe tint was not increased by pro- 
tectii^ the eye from lateral rays,' even to a luuch greater extent 
than is done by the inversion or ^inclination of thePhead 5 and, 
thereftMre, thiM: this could not be the cause at the increase df 
, In this perplexity about the cause of the Jhenomaioh 
in 1 an c^portunity of observing the greif 

cruoie at which took plaoe in, an efo in a state of Inteni 
mntliii^ ^siiipease was sindi, that olbleo^ scon by the 

as if ilbiminated by twilight, while th^ Shtn Iw 
thoHMfecued seemed as if they^^were iHuiiiliiahsI bf tilhl 
dir«i|Al!iiya of the sun. All coloured ohjeets Imd Hie mmi^ 
of Ihoir tsoloura proporlianally aumeifted $ and 1 was thus led 
^believe, that the increase of emour produced by the partial 
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or total inversion of the head, arose from the increased quantitv 
of blood thrown into the vessels or the eye-ball— the increased 
ibuS|>rodueed upon the retina ; and from the increased 
thus given to the sentient membrane. Subsequent 
obS^atfbfie have collftrmed this opinion^ and though 1 cannot 
pi^end to have demonstrated It, I have no hesitation* in 
expressing It as ray cxmviction, that«tl^ apparent increase of 
tins to which I have referred, is not an optic^, but a fikymo^ 
logical phmioinenon. If this is thi case, we are famished with 
a prinerale which may enable us not only to appreciate faint 
tints, which cannot otherwise be recognised, but to perceive 
small objects which, with our best telescopes, might be otlier- 
wise invisible. • 


On the Illumination oj Microsoopic Objects, By Dr. Brewster 

Considering a perfect microscope as consisting of two parts, 
viz. an illuminating apparatus, and a magnifying apparatus, lie 
stated that it was of more consequence that the illuminating 
apparatus should be perfect, than t^t the magnifying apparatus 
should be so ; and that the essential part of his method con- 
sisted in this, that the rays which form the illuminating image 
or disc shall liave Uieir foci exactly on the part of the micro- 
scopic object to be observed, so that the illuminating rays may 
radiate as it wore from the object, as if it were self-luminous. 
Now, this esax be only well obtained, by illuminating with a 
single lens, or a system of lenses, without spherical or chromatic 
aberrati<m, whose focal length, either reaU^r equivalent, is less 
than the focal length of the tdiject-glaJrbf the microscope. 
The smaller the focal length of the illuminating lens or system 
of lenses, the more completely do we secure the combtian that 
the illuminating rays shall noteorae toa focus either before they 
reach the object, or after they have passed it. When Dr. W^ol- 
laston recommended for an illuminating lens, one of three- 
fourtl^s of an ^nch in focal length, in which the microscopic 
oliject was placed in a vertex of foci.vwhere the rays crossed in 
a tliousand points both before and after they fell upon the 
object, he coalsl have had no idea of the iiew' method of iHumi- 
na^on. In the construction of a perfect microscope, Sir David 
Brewer recomnranded that the illumhhitihg and magnifying 
apparatus shoidd l^ve «q>entte and simdar movements alon^ 
the saioo or>ar, and that the stage for the objects should 
be ^ticonnectfid wi^ bodi, and should also have a motton inde- 
peiK^|it«l^^bbt)i« ■ - ' ‘ • 

inq^rot^eiit which he coiintliunicated on the Pblarizipg 
'WWs,,5qtk, Wrhjt^,; 'he_ used- for .seyer^ ■ ■ 
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wbich consists in placing the analysing prism or simple entomb 
immediately behind the object glass, that is, on the aide of the 
object-glass next the eye. The great inconvenience of placing 
it between the eye-glass and the eye, had induced several aktlful 
ol)servers to reject the prism altogether lls an analy der^ or to - 
substitute for it a plate of tourmaline, which is quite un6t for 
any observations in whicht colour is to be considered. The 
analysing prism, may rlhnain constantly on the microscope 
l>ehind the ob|ecl*glass, withdot in the least injuring the per- 
formance of me microscope, and it should have a motion of 
rotetion independent of the body of the microscope. 


On a New Method of AscerUdnin^ ttie Refractwe Powers of 
Minute BodieSf and its Appheatjon to Mineralogy, By 
Alexander Brvson. 

• 

The means at present employed in ascertaining the refractive 
powers of crystalline substances, rendered it necessary to pro- 
cure pieces not less than a quarter of an inch in size, which 
were then to be ground into prisms, before any idea of their 
refractive powers could be obtained. The microscope is well 
suited, with a slight alteration, to give minute differences in 
refractive powers. On the stage of the microscope is placed a 
piece of crown-glass, with 6ne lines drawn on its 6rst surfiice. 
If a piece of beryl, or any other mineral with parallel sides, is 
now placed on the glass, the lines will no longer be visible 
through the microscope, until it is raised above the crystal three 
hundredths of an The difference of focus becomes an 

index of the difieret^lk*of refractive power, between the ^lass- 
plate and the chrystal. The means adopted to ascertain minute 
changes in focal length, is a scale of hundredths of an inch, 
with a vernier dividing it into thousandth parts. 


On the Preparation of Alhmn, Alloxaniine, Tkionurate 
Antmoma, Vramile, onzf Murexide, By Pref. Greoorv. 

To prepare allOxan from uric acid, Liebig and Wilier used 
nitric add sp. g. t«42, and separated the ndd frmn the 

crystalB by means of a porous brick, thas jomm the whole 
moth^: l%utd. The author uses nitidc a<^ of sp. g. 1.3^. 
Theja^illh of^ this acid on uric add must be ks^t moderate. 
Whfnchrystids of ^loxan are formed, the whole is thiewh on 
a Ihe throat of which is stppp^ wi^ asb^tps*, 

pctfrimt of the add liquid whi^ remains In ^ 
l^aced by a lew drops m cold water, and the o-yslds are Buflned 
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by re-cryfit»Hiaati«n. The liquid is again employed in the same 
way^ and the crystals collected as before*: Five such operations 
may be performed with the same liquid, each yielding a large 
crop of crystals ; while the mother liquid is preserved, and 
yiem « large quantity *of parabatiic acid, or oxalurate of am- 
mcaiia. By this process the author obtains from tOQ parts ef 
uric acid, 63 of anhydrous allonui, ot 90 ofalloxan-j- 6aq. 
From alloxaiii alioxantine is easily pbtMned hy,*the scdon of 
siilphqretted hydrogen. Thionuiite of ammonia is easily 
formed, by boilti:^ a solution of alloxan with sulphite of am- 
monia and free smintoiiia. Uramile is also easily obtained by 
boiling a solution of thionurate of ammonia, with an' excess of' 
diluted sulphuric acid. Murexide is obtained, as described by 
Prof. Gregory on the Thursday (p. 742.) He now exhibited 
the last three processes. He also stated, that the theory of the 
formation of murexide wasVf great importance in reference to 
organic colouring matters. • 


On the Applicaiion*of Native Alloy, /ot' Compass Pim!s. 

By Captain E. J. Johnson, U.N. 

Among those portions of a ship’s compass which most affect 
its working, arc the pivots and caps on which the needle and 
card traverse, and which, like the balance pf a chronometer (but 
of far more importance to the practical navigator), should not 
only be fitted with the most scrupulous attention to accuracy, 
but be made of materials capable of mainlining a given form 
under the trials to which such instruments are necessarily ex- 

1 )osed. Having examined a great variety of compasses which 
lad been used at sea, wherein Captain Johnson noticed that their 
pivots were generally injured and often ^by rust, he searched 
numerous records of experiments tor its prevention, and for im- 
proving the quality of steel in other resp^s, by means of alloys 
of platinum, pafladium, silver, fi^c. (he alluded particularly to 
the experiments of Dr. Faraday and Mr. Stoddart) ; aird Mr. 
Pepys having obligingly supplied Captain Johnson with speci- 
mens of similar Icinds of steel to those used by them, these 
examples, together with pivots made of th^ ordinary steel, and 
hardened and temjiered in the manner i%c(mimended by eminent 
instrutnent-makers, were placed in a fVaiheTor exj^riment ; gnd 
to the;^ Captain Johnson added certain contrivances of his 
own, as niWug a steel pivot with sal.ammOniac, then 
dipping It into ainc in a state of fusion, and aiftA’Wards chimging 
the mctfeme pohtt. Some specimens he coated v^ith a mixture 
of pdldis^ ahtc, oil of tar, and turpentine ; and others 
were set !n xinc piltirs, having smaft sine Clips, through which 
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the extreme point of the pi\rpt protruded afler the manner of 
bli^Js lead through pencil tubes. The whole of the specimens 
then placed in a cclliur,, occainoinally ex^poaed to die open 
air, examined fVom time to time, duwg^ore than haljf-ar^^r, 
and their several states, as respected oxidation, duly 
Without going into details oC this register, the gc^er^ result 
was, that not gny of IJie^kinds of steel pivots us^ in this trial, 
except such IUi«wcre cbated'^ith sine, remained iVee from fust, 
white the pivot made of the native alloy ** vfhich is found 
with platmum, oompletely retained its britlian^. Captain 
Johnson then applied a tnoire severe test tb this singular sub- 
stance, 6rst, by placing sulphuric acid, and tlien nltro-muriatic 
acid upon it ; but even ^under tide trial he cpuld not observe 
that any change had bem effected, altliough the btede of a pen- 
knife, su^ected to a similar proc^S, was rusted to the centre. 
Having enumerated the facts respecting the trials to ’wbicli he 
had subjected this curious material. Captain Johnson st/iterl the 
conclusions that he had come to, namely! that it is sufhciently 
tough not to break, and hard enough not to bend, under tlu* 
trials to which it would be^/hir^ exposed ; and that being alike 
free from magnetic prope^es and liability to oxidation from 
exposure to the atmosphere, it possesses the requisite qualities 
for the pivot of the mariner's compass ; and be could not but 
anticipate that, when fitted with a ruby cap to eorre8{>ond, it 
would be found greatly to improve the working. Besitles 
the application of this substance for compass pivots. Captain 
Johnson stated that it might probably be found advantageous 
for other instruments, and especially for the points of the axes 
of the dipping needles, fitted on Mr. Fox’s plan, for use on 
board ship. ^ 


On a Ketv Rain Guage. By Mr. Jahxs Johkston, of Gfetmock. 

Mr. Johnsteti descrtWl a new rain guage, so constructed that 
the recciviDg ffUHMl or orifice at which the rain enters, is always 
kept atHght a||||te fidliug rain. By tne action of me 

wind on a the whole giiage is tuitied round on a 

pivot, unto of the guagb faces the quarter fWnn wbcltce 

the ^nd and by the actioci of the ^v^ind on another 

yfifie ataKdied to the j^eemyipg mouth oi the Ihtipel 

& inoved ftoim a hmxdbtai towal^ a pevfieaulku po^tton 
according to the strength of the wlfith The receiving funnel 
liu£l yane attached to it are bdiSitcMHirlth counterp^ 

a nhmner that the wind; hi nmving theib, has as much 
wnibiht to rdmov# fVom a perpendicular position, iii.propq|ltk>ii 
to their Wik, as it ties when moving an mdincS^y^^^eed 03^ of 
raih |iyan v^^ si^ ; by this means the the 

guallfi^s SEt right angles to the falling rain. 
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On an Improved Rain Gutige. By Mr, Thom, 

It consists of « cylinder two feet long, and seven inches 
diameter^ sunk in theisetth until the mouth of its funnel ^which 
(receives the rain) is on a level widi the ground surrounding it. 
Into this cylinder is put a doat^ with a scale or graduated rbil 
attjmhed to it, which will move up at down as the water rises 
or ^Is in the cylinder. There it hrm i»ar dxed within 
the funnel, aimt half an inch uxi^ its mouth, with an aper- 
ture in the middle just large enough to allow the acale to move 
easily through it. The dpper side of this cross bar is brought 
to a 6ne edge, so as to cut but not obstract the drop which may 
alight on it. There is an aperture al^ in the bmtorn of the 
funnel> throfugh which the water must pass into the cylinder, 
and through which also the scale must move ; but thfs i^rture 
requires to be made 110 larger Jthati just to permit the scale to 
move through it freely. When the guage is firmly fired, and 
the float and funnel in their places, water is to be poured in 
till the zero of the scale is level with the upper edge of die 
aperture. * 


On the Combustion of Coal and the Prevention of the Generation oj 
Smoke in Furnacei^ By Mr. Wjluams. 

Mr. Williams observed, that in .treating on steam and the 
eteam-engine, the subject divides itself into the following 
heads 1st, The management ol fuel* in the generation of 
heal , 2nd, the management of heat in the generation of steam ; 
3d, the management of steam in the genemtioit of fuel. The 
first belongs to the furnace ; the seconcj to die boiler ; and the 
third to the en^me. The first, although exclusively in the 
department o£ chemistry, is to be considered in the Mechanical 
8e<^on, for toe purpose of showing its connection with the 
practic^ combustion of fuel in the furnace. The main consti- 
tfients of boal are carbon and bitumen : the, former is convertible 
in' the soUd stifce, to the purpose of generating heat ; the latter 
in t^e goMus state snd to thi| latter is yefen^le all that 

assumes the dunrMter The i^eeter part of die prac- 

ticable economy in the use of coal bmr^ connect^ with the 
combustion of th^ gasesr this division of the sublet is peculiarly 
important. We all know that combustible bouies cannot burn 
without ak : the actual part, however, which air has to act is 
Htde ii»}Uiri^ into beyond the laboratory : yet tm this part 
dej^^de the wheb of effective combustiofi, Mr. Williams went 
on to show, diet all d^ended on bringing the combustible and 
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the air into contact in their proper quantitiet^ of the proper 
qiial^ and at the proper time— the proper place, and the 
proper temperature. The conditions rrauiring attention were, 
1st, the quantity ; 2nd, the quality of mt air admitted; Srd, 
The effecting their incorporation or diffusion 4^i, The time 
requiring for the diffusion^ and 5tb, The place in Uie furnace 
where this should take pl^. Mr. Wllliamt edidhited sercral 
diagrams, repreletiting llte "^v^ral processes connected with 
the combustion of a single atom of coal-gas mr. carburetted 
hydrogen, and also of bodies or ma^s Sf au^ gas. The 
esseDm diflkence between the ordinary combustimi this gas 
in combination with atmospheric air, and tiiitt resorted to by Mr. 
Gurney in combination with pure oxygen, in what is called the 
Bude light,, was then explained By these diagrams it was shown, 
1 St, What was the precise quantity oft air whidb the combustion 
required; and Srd, That the uDr>voidable want of time in the 
furnace to effect this degree of diffusion was the main impedinicnt 
to perfect combustion, and the cause of the generation of smoke. 
From the consideration of these details, the inference followed, 
that smoke once generated in the furnace cannot be burned, — 
that, in fact, smoke thus once generated became a new fuel, de- 
manding all the cmiditimis of other fuels. Mr. Williams dwelt 
much on the chemical error of supposing tliat smbke or gas can 
be consumed by bringing it into contact or connexion witli a 
mass of incandescent fu^ on the bars of a furnace ; that, in fact, 
this imaginary point of incandescence, or the contact with any 
combustible body at the temperature ot incandescence, was pe- 
culiarly to be avoided, instead of being, as hitherto, sought for ; 
and hence the failure of all those efforts to prevent or consume 
smoke. The great evil, then, of the present furnaces was their 
conitniction, which did not admit the necessary extent of time 
(or its equivalent), time being essential to effect the perli^ct dif- 
fusion or mixture of the gas, of which every chemist knew the 
importance, and on whtdb experiments m Profes^r Graham 
were so conclusive, .WUliams tl^u proceeded, to show, 
that unless some compensator power .or ipeans* be obtained^ 
and fuactically and ecoueiinit^y appli^ we can never arrive 
at full combusdou, or prevent ^e^fonnatipn of mnoke. This 
compensating power was shown to ^ ohtainahle hy means ^ 
sumse, and wes well exemplified in th^||^w-pipe : uie remedy 
then# for the want of time in the farndli, may be met, by in- 
tftidndiig the air in the most effective situation, by means of 
smaH jete^ Mr. Wfibams cemtid^t^d the {uhnaiy law 
to be liiis ; tiiat no larger fiortions ofauv that ia, no greater 
siuitther i^ai^s ofiair, should be introduced into any one lo- 
cality, that gim be absorbed ax)4, chemically comlnn^ ITiildl^ 
atoms of with which th^ reiqiectivdy cqtpe 

tact, that the effecting, pieai^ of tw ^^rtended mr^ 
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fm, this necessary diflTaaion was the main condition which 
required attention, and not tliat of temperature. Mr. WilHams 
then exhibited the dkj^ain of a boiler to be constructed on the 
above principle, and stated that he had an eaperimenial boiler 
at work, which fully proved the accuracy of the prindple. • 
John Rolnnson stated, th^ the cfommittee of Becommend- 
ations had sugge^ed the appoin^aht of a Committee tomake a 
further ktvestigaUon of Mr. Williams's plan,and report die result 
of the enquiry 'to the Association at their next meeting. — Mr. 
Vignolas obs^ved* that the ^adual increase of the aperture 
for the blast of cupolas for second meltipgn of metal, the areas of 
which were now at least fitly times larger thsn formerly, 
proved the necessity of admitting large quantities of pxygenjn 
combustion, which c6uld only be obtained in its combination wfth 
the nitrogen, the other componaiit part of atmo^heric air. 


MISCELLANEOUS ARTICLES. 


Portable Match^bcugies. 

M. Chaussard, one of the roost industrious mlders of the 
Capital, (Paris) has just patented a charmiiig little affair which 
must soon come into general use, for it will be as convenient an 
article to the workman, the artist and^hef^tleroan, as to peo- 
ple of fashion. It consists of a small case, not more than half 
an inch in diameter and three inches long, and of coarse as 
easily carried in the smallest pocket and held in the fingers ta 
the most delicate snuff box. Within Is a* quantity of phosphoric 
matches and of little bougies. You take of the cover, hold k 
between die foh and middle fingers, take out a bougie, place it 
in a little opening in the cover which supports it, then draw out 
a match, rub it lightly on the case, the end of which, carved 
into concentrip farcies, produces a friction that kindles it. The 
bougie is lighted and t^case being closed, you hold in.^e hand 
a veritable little wax candlestick, with x %ht whkh will bum 
for five minutes, luid of course loUg moUjp to, go up stairs and 
to light up a room, to read a letter, which any oiw mmy hand 
you of an evening in the street, to hunt for an object draped 
in a dark |ih^> hi retid^ assistance in an infinity ofca«s in do- 
me^c lifis wheu a light is suddcmly wanted,— in a carriagei in a 
stii^, to a fire, light a candle, &c. bic* Ifbfith hands are 

want^ <br any of these puiposea, the match case may be placed 
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tile floor, <m a table, ot in ihe ctumn^y, and it qi][te 

M»ciiT6. The price of these little untensils is very moderate, 
and wi^n the reach of alK 


Fmimklin Jmmdl 


«•«. «»<» PoljHoli ^an, IMO, 


Init^iis^ng' Fttcti in Acmt0C9. 


M. Jobard, a sMlful artlaan, statai the Mlewk^ : 

^ An iron rule of considerable sise, was left by chance resting 
on a bladder pertly hlled with gas in my laboratoiy. ] hap- 
pened to hit it ih passingi^ with a nard body, and was surprised 
at the long continuance in the sound which escaped from it. I 
repeated 'dm expenment, and ascertained that a metallic rule, 
supil^ted <m one or two moist bladders, filled with air or gas, 
had its vibrations not more rapidly weakened or checked than 
if it had been freely suspended in space. We may even derive 
fram it various kinds of sounds, by varying the intensity and 
place oi the strokes. Other occupations have prevented me 
from pursuing the experiments. I suppose that a metallic or- 
gan key, (clanier) supported by two tnin tubes of caoutchouc, 
filled with air, wmild give the same results as a piano a cordes, 
and that it would bett^ preserve its accordance.*' ibia 


Ah$chUe AlcohoL 

M . E. Soubetran, at the conclusion of an article on the recti- 
fication of alcohol, gives the following direction : 

If you wish to obtain absdute alcohol easily, abundantly, 
and econoratcally, it must, first be rectified over carbonate of 
pota^, which will bring it to 04^ or thus: 

1. Bring it to 97® by distilling it with 100 grammes (=s 
grs. troy) per quart of fused chloride of calcium, or, letting it 
d%e^on 23^5 grains per quart of quiefk lime, in a warm place 
for two or tinvfe days, arid tlira distil slowly ftdm* 387^ grains 
per quart of quick lime. * 

g. Add to the alcohol at 94®, 77/0 grains troy, per qiii^^ of 
lime ; leave them in contact two or three days In a iVarin 
t^n distil cslowly. The Hism epmmutiicat^ to the 
iH> unpleasant taste or odour, as sbmH have imagined 
written; niat happens only wliien the alcdhol has not lam 
pirm^^y r^fied. 

A4|pr has been done over the alkaline cariMmate, sudi an 
elKjet^o^ iadt W apprehended, and the deohol iditaiiM haa all 
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On iha Influcitcs of Native Mognaia, (GioheriUe) in the 
Oev:mmtio*^i Vegetation, and Fructificaiion of Plants^ By 
Abbbne. 

It has been thought that the presence of maghesia may be 
nurnbet^ed among toe various causes which rend^gr hmd Sterne, 
because it has b^en remarked that n^gneisia suits have an arid 
chiuracter. This opinion has begi|n to lose credit since Berg- 
man, on examining the compositieh of fertile M>i]s, considerra 
magnesia at One of their principal ecmstituents. 

Professor Oiobert has made many trials to discover the parts 
which the native magnesia acts that is found in several arable 
lands. In the vicinitv of Castellamosite and Baldtwero, ^is 
substance is abundantly diffused, in soils which are cultivated 
with great success, and on which a vigorous vegetation prevails. 
There are many localities in Piedmont and other places, where 
the dcmbie carbonate of lime anB magnesia abounds in cultivated 
territories, ^hich produce beautiful anps. Giobert has inu- 
red from these experiments, 1st, that native carbonate of mag- 
nesia is not adverse to the iruition of plants; 2nd, that in 
consequence of the solubility of the mi^iesia in an excess of 
carbonic acid, the earth may exert an action analogous to lime; 
Zrd, that a magnesian soil may become fertile when used with 
the needful quantity of manure employed* 

The consequence which naturally flows from these facts is, 
that the magnesia has been dissolv^ in an excess of carbonic 
acid and water, and enters, like lime, into the composision of the 
sap, and ought to be found in the plant like potash, Ume, oxide 
of iron, &c. This M. Abbene has assured himself ot by the an- 
alysis of the ashes of plants which yegeta|ed in magnesian mix- 
tures. He has also tried by comparative experiments the 
question, whether die influence of magne^ in vegetation is 
analogous to that of lime. The conclusions which he thinks 
are dcductble from these trials are : • 

1st* Native magnesia is not unfavourable to the germination 
vegetation, aifd fructification of plants, but appears favourable 
to these functions. « 

2ad. Magnesia, being soluble in an excess of carbouioadd, 
exerts an actioft similiar to lime, and when a soil contains mag- 
nesia not sufficiently carbonated, a reme^ is found in the ad- 
dition of manure, which, by its decomposidon, furnishes the 
needful carbonic acid. The amelioration be the more 
efficacious if the land be well stirred up, because the air will 
then better perform Its office. • 

, When in aralde soils both Ume and pagnesU exist, the 
first w absorbed in preferenre by plants^ because it has a greater 
affinity for carbonic acid. 



70 


Mis9*^neom AHkih$ 


4th. In sterile magni^mn smls, it is net to the magnesi^ that 
the sterility » to be attrihuited^ but either to the lesion of 
thei>^ piurts* to the vmpx of manure, clay, or ^her ingredients, 
to the.great quantity of oxide of iron, &c. 

^th. Sterile magnesian soils may , be ferljlitsed by means of 
chibuwous substancciu imeh as plaster,^dialh, ashes, mar],. 
provideti the o^r cnnditSons are atlended.to* 

l>t/ata<ioR 'o/Oiis. By pRot. F. Pnitissla, 

* tlie of March, iSSh, M. M. Levavasseur Fr^res, of 
Eooen, foreseeing a rise in the price ol oil, purchased a quan^ 
parUy of se^ and partly of 6sh oil, ^oimting to 4IS9S 
hectcmtres^ which were stored tn the magaaines. On the 14th 
of July the Octroi took a foesh account of the of)^ and foimd that 
msfoad of 4232 it amounted to 4279, hectolitres 40 Itfres. — 
Granting SO hectolitres 40 litres for inevitable loss and waste, 
there remained 17 hectolitres (about 4*30 gallons) which could 
not be accounted for, and these merchants M'ere accused by the 
Octroi of a fraud^nt introduction of this excess. 

Prof. Preisser being consulted on the case, he undertook an 
investigation of the amottnt of dilatation whi^ oil undergoes by 
a given rise of temperature. He found, by several m etl^cis of 
trial, that in rising from the freealng to the boding temperature 
of water, olive and linseed oil expands one part in 1200, and 
whale oil one part in 1000. Neatslbot oil expands one pai't in 
930, oil of colxa pne in 1 120, nut oil one in 1100, and white oil 
one in 12-50. 

Thus it appeared, ^t in taking into account the mean dif- 
ference in atmoephertc temperature between the time of storage 
and subsequent measurement of the oil, the quantity in excess 
was at once accounted for by the natural eapansioii of the laass. 

The calculatimi for finding the incrfwse of volume of any 
fnimber of beeiolslares (and of course other nieasures) for a given 
dtifemice of temperatiiiie, is extremely ea^ ; it iionly to tlividc 
the number of measures by the co-efficient of increase, stated as 
above, for one degree of temp^ature, and to midtiply the 
quotient hy the number of degrees constituting the dilfmence 
of temperature; 

above facts sbdw the imprudence of ocmpletel^^liiig 
hl^ls with oil in winter, and leaving thelu untnoved tnt^igh 
IllUfdfiimer. The oil must necessarily dnd ita way thtoulh 
the j^nts of 4he casks, or otherwise burst the cou^tthig vessel. 

..TjillPto principle is apphcahle to other liquuls* Co- 

u|Kp|n^»r 1-900*. * ^ 

^ M mitending to these facts, errors of ophiicm, aUd pethaps 
expev^vc law-suits may be avoided. r^v., i8;)o. 
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Develof ment af Odour** 

Every one U acquainted with rotation which a piece of 
eam^or undergoes in water, and the explanation ot the ikct 
which usually ascribes it to the disengagement of the odmant 
vapours which exhale from it. It is Inmwn also that the leaves 
of the moUe placed on water^ todiily vetract wh^*the 

surface of the wateih iS covered by a layer of odoriferous oil. 
M. Morren has just observed a 4hiilar phenomenon produced 
by the volatile pu secreted bv\he down m the passijlora fwtida. 
When some of the down or hair is placed under water, a small 
drop of grpen ml detaches from it, and* swims on the water. 
This drop expands; contracts, expands, contracts again, then 
seems to hurst with force, but the fragments unite to expand 
again a moment a&r, and thus the action goes on for about ten 
minutes, after which the < 01 ! is by degrees concentrsled, and be- 
come motionless. These fa^ts may serve, perhaps, to point 
out a physical theory of odours. laem. Avrii. 


preparation of Anhydrom VImsphorie A ^ d * By Richaud 
F £i,rx Mabchand. f Journ^f ur Prafmche Chemie.J 

a » 

In a large porcekin dish place a small support, surmounted 
by the cover of a crucible, or a little porcelain capsule. Put 
into*thi3 ca^>sule a few pieces of dry phosphorus, and place over 
it a large bell glass, with an opening at top, stopped by a cork, 
through which passes two tubes, the one large, and extending 
down almost to the capsule. It may be closed at top by a cork ; 
the other narrow^ and bent at an angle on the outoUie. 

This narrow tube is to be connected with an apparatus for 
preparing oxygen ga»<-^ reloi:t in which (dilorate of. potash is 
heated, is perhaps preferable — ^though the most desirable mode 
tft to cause it to issue from a gasometer, and to dry it completdy 
by passing it over chloride of calcium*and sulphuric acid. The 
oxygen gas must first be passed in, so as to expel tbe atmos- 
pheric air ; tiien infiame phosphorus, by passing a hot iron 
rod down the large tube. When al| the phospborua is burnt, 
more may be passed down ^e tube into the little capsule. 
retort may bf easily clutng^ when all the chlorate of potash is 
decomposed. When the bell gloss becomes too hot, the opera- 
tion must be stopped till it cools, otherwise it will inevitably 
break. In ibis way, a very consideralihi quantity of the acid, 
ahuos^ pure, may be made in a very short time. With a quar- 
ter of a pound of phosphorus I have made more than hdf a 
pound of anhydrous acid. When the copibustfon is well ma- 
naged, scarcely any vapours arc disengaged. The fiakes of 
acid attached to the bell glass and capsule may be quickly re- 
moved by a spoon. It must be preserved in well 
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Uock Crytial Oaudin. 

VL, Gandin sait to the Academy of Sckence9> at the last 
(A|»ri!) s^sidti> specimens of rock ^stal, which he h/id suc- 
ceeded in melting drawing out into threads smreral feet in 
with the ease. One of theie can be wound 

into a skaioj and the other wound round the dnger. c 

M. Gaudin fiaa found al^, that melted mk erystiy moulds 
easily by presaura^ and that it is very volatile at a tOmperature 
a littie above its melting point* Alumin acts very diiferently 
fijom silica; it is always perl^ly fluid, or crystaltaedi and 
cannot be brought to » state of viscosity; while viscosity, 
separate from all tendency to crystalisatien, is the permanent 
condition tof silica under the oxygen blowpipe. Alumin is 
much less volatile than silica ; it dften, however, undergoes 
ebullition. • 

In a more recent essay, M. Gaudin has tried the temper and 
relations of rock ciystal, which has aflcutled unexpected results. 
If a drop of meHed crystal fall into water, far from cracking 
and flying to'pllces, it remains limpid, and furnishes goocl 
lensess fm* the microaeope. JiVhen struck by a hammer, the in- 
strument rebounds, and the lump will sink into a brick rather 
than break : its tenacity is such, that pieces ran be detached 
only as splinters. It resembles steel in elasticity and terfecity. 

Silicious cmnpounds act nearly in Che same way as rock cry- 
stal. The sanmtone of the pavements spin off Hke it, with 
this diflereace, that its threads, instead of being limpid, are of 
a pure white, nacreous, silky, and chatoyant, in a singular de- 
gree, so that they might be mistaken for silk ; and the globules, 
to a certain degree, have the aspect of fine pearls. There is no 
doubt that in this way successful means will be employed in 
producing imitations which will be preferred to natural pearls, 
since they will possess<the hatdness of annealed rock eryatal, 
instead of that of a cakareotis compound. 

* The emerald threads perfectly well, and its {breads, which 
scratch rock crystal, aae also more tenacious than crystal 
threads. 


Sfftmnakm of LUoe /row Magnet , Bv J. W. DbUimkiklifi* 
(Jmm, fur i^al^$eh4^ Chemie.} 

If aifh^rmia chlwidc of magnesium be treated^ in conpict 
with w; is absorbed, and the chlorine abandoned. 

This decompdsttion, that is, the transformation of chloride of 
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magnesium into niagnesia, is now prompt and complete when 
chlorate of potash is used instead of air. 

Tins propeHy renders the s^aration of lime firom magnesia 
very easy. Disstdve the compound pi* |h.ese t^o bodies (e. x. 

&c.) in hydrochloric acid ; evaporate tadryness ; heat 
the dried mass fh a platina capsule till the acid vapours clear, 
and %dd to it, urging the heat to commencing J'edness, small 
portions of disrate of |iotash, aintA there is no further disen- 
gagement of chlorine. The remaining mass is then composed 
chloride of calcium, magnesia, and chloride of potassium,^ 
the separation of which is easily effected by treating the mixture' 
w ith water, filtering the solution, preciidtating the filtered liquor 
by carbonate of 8ods> dtc. 

Idem. auilUS, 1839 


Fabrication of Flint and Crown Glass. 

On the 27 th of January last, M. Bontems, director of the glass 
w'orks at Choisy-lc-roi, read to the Academy of Sciences a me- 
moir, in which he described the process by wllfeh he succeeds 
i ri making fiint glass and crown glass, exempt from streaks and 
hubbies, and perfectly white, (clear?) 

M. Guinand had before succeeded in making flint glass with- 
oat strife, by vrorking (brassant) the melted glass int4> a per- 
fer'tly homogeneous mass. He accomplished this by means of 
cylinders of refractory earth, like that of crucibles. These cy- 
linders, closet! at bottom, were open at tap, so as to receive 
forked iron rods, with wrhich the mass of mfelted glass could be 
stirred as long as necessary, fresh rods being used as they grew 
hot. M. Guinand had thus resolved a part of the important 
problem of the fabrication of optical glass, but he left some of 
its elements in uncertainty. Guided by the experience of this 
skillful manufacturer. M. Bontems discofered that in making* 
flint and crown glass, the absence of bubbles depends on the 
proportion of thh elements of the glass, and the arrangement of 
the fire toward the end of the operation. I'hus far, also, fluid 
glass had attained a density of only 3.2 without injuring its 
clearness, (blaiicheur) while he has been able to give it a density 
of 3.6, and as clear as the most lieautiful crystal ; and crown 
glass as clear as that of Saint-Gobain or Saint-Guirin. He is 
preparing also to furnish opticians with disks of flint glass and 
of crown ^ass, of 40, ^0, and even 60 centimetres (»£ fe^ 
nearly) in diameter. He appends to his memoir a plan of his 
ovens and crucibles, apd points out all the details of his process. 

- . ' Idea*. 
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Oh the PrtcipiUUion of Gold, By A. Moein^ of Geneva* 

Whenever gold ie dissolve^ for any ntiipofie in the arift, a no* 
tab)i? portion of it remains in the motner waterii, and various 
means have been recomnnmded for extracting It. The princi- 
^ substances us^ for this purpose are &u3|^te of irom end 
formic acid^ or the fiartiiiates of pota^' ^d abda. 

Though ^ sulphate iron is a low pneed article/ com- 
pared w<th the fermiates^ the'’ value of the metal la soch^ that 
the materials of higher price would be unhesitatingly employed, 
if the would extract the gold more completely, ll may be in- 
teresting, therefore, to the workers in the metfd, to laww the 
comparative value of fhe two processes most generally recom- 
mended for its precipitation. 1 have attempim to veaidve this 
question by treating the mother wipers resulting from some pre- 
parations of this metal. ^ 

They were divided into two equal parts, each weighing a 
kilogramme, (2^ lbs. nearly) and as each contained a little more 
than two grammes( 30.^58 grains troy )they represented a solution 
of 1-450 of th^ metal. 

Into one I poured concentrated formic acid, until it acquired 
a decided acidity. The colour became a fine deep yellow. No 
gold was precipitated, even w'hen heate<l. The formiate of pot- 
ash tried with a small portiem of this liquid diluted, showed no 
reaction. It was only when the liquid was half eva|K>rated that 
metalic spangles appeared on the surface. 

The addition of a few drops of caustic potash increased the 
quantity, and it was added as long as it increasetl the precipitate, 
which had the app^rance of dark ildfeculi mixed with metallic 
spangles. It was soon deposited. The liquid was neutral and 
of a green colour. The farther addition of caustic potash gave 
no precipitate, and formic acid only cha;iged the colour to a 
deep yellow. A fresh concentration product no separation of 
the metal. The precipitate, washed and dried, was black. 
Heated to redness, it scnui assumed the gqfden lustre. Its 
weight was 1.555 grammes. The v/aehings and the mother 
waters were then mix^ witli a solution of sidphate of iron. An 
abundant black precipitate was formed, which I treated with 
muriatic acid wim heat. It became of a deal brown, and very 
light. Adding mcee sulphate of iron, metallic ^uoigles were 
formed^ and it was continued till nothing nimre appeal^ 1'he 
^deposit, washed with warm water» and then with acid, was 
dried and heated. It had the meta^ splendour^ and w«%had 
0.717 grammes^ about oneduilf the preoedingV to the 

. .Jy mer. the weight was 2.252 gr. 

Tfeia eaaa^ might appear sufifeient to prove the superiority of 
euhpiwpteoftfoii over the formic eampounds; but X neveitheless 
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tried the direct action of the sulphate ott the other portion of 
liquid^ first acidulating it . with muriatic acid> and heating it. 
'Hie sulphate of iron was added as long as any precipitate ap- 
peared. At first violet, it passed to w clear brown. The preci- 
pitate was separated from the Supernatant liquid, washed with 
water and mitriade add, dried and reddened. , It weighed 
£.8fi0 grs., sensibly equal to the two ouier precipitates. 

Tfe mother Waters and the, wanhings creaieH were treated 
with fdrihlate of potash, which occasioned no precipitate, even 
on the concentrated liquid. 

These trials prove-^ 

1st' That formic acid precipitates golB only when evaporated, 
so that the wolati0n contains at least 1-5225 of gold. 

2d. That the formiate of potash does this better than formic 
acid alone. • 

That Ibrmiate of potash separates from a concentrated 
solution only about | of its gold. 

4th. That sulphate of iron precipitates completely from 
liquids containing only 1-150 of gold. 

Sulphate of iron, therefore, is complete, more easy, and more 
ecoiiotnical. precautions are nevertheless necessary for 

complete 8UC€e8s-‘~the use of heat and a notable addition of 
muriatic acid. Heat gives cohesion to the precipitate, which 
facilitates its sepai'ation. The acid accelerates the action of the 
sulphate of iron. idem, rev.,iMo. 


Phemmena observed nnih respect to Carbonic Acid, subjected to 
pressures superior to that of the Atmosphere. By M. Coukkbe. 

Water, at common temperature and pressure, dissolves about 
its volume of- carbonic acid ; and if the* pressure is increased, 
the absorption is alim a volume of gas for each atmosphere, so 
tiiat by means of a manometer, we learn the state of the interior 
of the vessel* The law, however, does not bold good for, all 
pressures, and even at 5 volumes, the indicated pressure is often 
7, the temperature being 15^, so that, in fact, a term must be 
arrived at ki which the liquid must lose its solvent power, and 
the gas become nfsarly ready to assume th^ liquid state. 

It follows, that gas, compressed over a given liquid, under- 
goes variable pressures, which are not always ewrespondent 
with the number of volumes dissolved. Tib» iiatqre of die 
liquid also causes a variation in the results. ^ 

The trials which 1 have made to come at a knowledge of the 
phenomefia, were practised upon champagne bottles, in good 
condition, afid which support about 20 atmospheres, a sufficient 
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guarantee against fracture; — and yet, when wine ferments in 
them, we are struck with ^ ckmage whi^ ^kes |d«ce in ^ 
course of a month, atnoui^ng, in the expeirience 'of somecha^- 
])agne merchants, to 15, W,^SO, 40, 50, and even 00 per 

cent. Place a manometer however, in cormexioii w^; th^ re- 
sisting bottles, and it sc^cely ever Micatei more than T atmosr 
pheres. Ihe ft-acture, %erefore, must be due Ip tome other 
cause than pressure, or thi!^ the tension of tlie gas, fof re4mn I 
am about to furnish, suddenly*! ncr^ses, and transcends SIO at- 
mospheres, the cohesive force of the glam. 

Observation has proved to me, that in this liquid, the internal 
tension is very strong ^kvhen it contains a little more tl^jfeve 
tolumes of carbonic aad ; that even at three to four vole* it is 
great, and that between four and five vols., the bottles neveir 
break. The manometer indicates seven atmospheres. 

The cause of this appears tO me to be attributable loa the dis- 
solving power of the liquid to the gas, which is variable at ewh 
pressure. The tension will be the more feeble as the affinity 
of the water for the gas is ^eater. Hence in a mixture of 
liquid and compressed gas, there are two forces in operation, 
the force of solution and the force of tension. When three or 
four volumes 'are dissolved, the soluble force is weak, and can- 
not overcome the tension of the gas ; at lour to five volumes, the 
pressure is sufiident to bring the afiinity of die liquid for the 
gas to its maximum, and to give the latter a tension ^uai to ?. 
At five volumes and more, the solvent power diminimes ; the 
tension increases, surpasses the cohesion of the glass, which is 
equal to 20 atmospheres, and breaks it. These singular results 
seem, foreign to all that has hitherto been known Relative to the 
solution of gases ill hquicis. 

It is proper, however, to notice what M. Soubeinm has said 
in bis work on gaseous acidulated waters; “ One fact worthy of 
remark, is, that notwithstanding the bad quality of the product^, 
the gas contained in the bottles is sufiicient to expel the corks 
to the end of the experiments, and yet, when^we c«mie to eta- 
mine the liquid, we find but a small quantity of carbonic acid 
in it*' This fact appeared to M. Soubeiran an anomaly, and he 
wndeavours to explain it by saying: *'The operator, by bis dex- 
terity, was enabl^ to oicloae a pc^on of gin hi the padt of the 
battle, which accumulates there with suiSIcient intenasty to drive 
ottt^he cork, but there was no coincidence between the volume 
of gas retained in the water and its superior atmosphere.*' 

The various phenomena above presented, may be assimilated 
to examines of another kind-^the aolotion of ialts in water. It 
it known that sulphate of soda ,ts more soluble at 40^ than at 
520"®^ at &c., 80 that a line may be traced in a diagram 
tbtt^h points which indicate the quantity of^t^i*<*t4ved, and 
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tbe tenn^ritUir* — a line which diemists call the curtfc of solu^ 
biUiif- III the same way in the pheno||iena qt* gases, 1 think that 
a ^refut series of experimeuts might establish a curve of solu- 
bility of j^ases ih liquids at even ctegrees of pressure, and thi^t 
these ai^iirently cdntradiCtory focts might be /educed to gene- 
ral ^ws. Thus the pr^snre over a solution of ^carbonic acid 
gas III certain liquids, acts absolqteiplike heat in* a solution ol* 
salts in water — correspondence which appears to me to be de- 
monstrated by the experiments above detailed. 

In the work referred to, M. Soubeiran gives a table of expe- 
riments which shows that agitation increases the tension of the 
gas ; the .di^rence is .parttculaily marked at the beginning of 
the operation. ** The agitation of the liquid," says the author, 
'* constantly increases the pressure of the gas at the surface, and 
causes the water to lose a portioifof the gas it held in solution.’' 
i may mention, that 1 made more than fifty experiments with 
bottim of champagne at 5 volumes, and that tiie manometer, 
which indicated 7 atmospheres, did not vary a demi-millimetre 
— therefore, if the observation of M. Soubeiren can be relied 
upon, the empty space modifies the phenomena according to its 
variable extent or dimensions 1 say the empty space, because 
the experiments ol Soubeiran were made with casks of 30 gallons 
of water, charged with 4 volumes of carbonic acid gas, and hav- 
ing a vo^ space of Sk gallons at die surface* 

In general, when a liquid like water contains several volumes 
of carbonic acid in consequence of increased pressure, the gas 
escapes almost instantly* as soon as the pressure is relaxed, and 
the liquid retains about a single volume ; but champagne wine 
acts difierently. As soon as the cork is wiflidrawn, about half 
a volume of gas escapes immediately, and the disengagement 
condnoes slowly till it amounts to a volume, and then stops ; 
when a bottle maybe left long uncorked without a total loss of 
gas. I am now supposing that the wine has been well prepared, 
and somewhat <hiied by tannin. This singular fact is owing to 
organic matter extending, in a kind of ^network, through the 
vinous mass, and which condenses and retains the gas precisely 
like certain powders, and a great number of porous bodies, even 
under the commo% pressure of the atmosphere.— ds i* Aca- 
dende Rotate des Sciences de Bourdeaujs, 18^9* 


EDITORIAL NOTICES. 


Electricity of Steam, 

Wi have been v|ry* anxious to place before the readers of the 
annals, the comipunicadous of Messrs. Annstrong and Pattison, 
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regaling Ibe extrftordictafy aleetrical pb^scMiiana wbieh th^y liaira 
abfteiT&d whilst experirntmteiy on tbo steain issuing from high 
pressure boilers: and shall be glad to Toceivm communioations 
from any quarter where sii^ilar experimenting bi^e been iimde, with 
the preeise mode of carrying on those expesimepts^ Imd thejr re- 
sults. And as it is possible ^atetcany who Wy will fail in obtain- 
ing sparks of electricity, we hope that no experimentar will» on 
that account, consider himself incompetent for the undertaking ; 
because, although }>erhaps, a melanclioly symjmthy, we can assure 
him that ho will not stand alone in that respect. We happ^ to 
know of some failures in Manchester; and amqngst the rest, our 
own experiments bare, hitbetto,«been unsuccessful ; although every 
precaution has been taken to detect oven the minutest development 
of electric action. We have other experiments in view which will 
soon be made ; and we have access to several high pressure boilers, 
where our experimeuts are intended to be carried on : and in the 
next number of the Annals, our readers may ex|ieet a fbll account 
of all the particulars attending them. 

Several Manchester gentlemen, are about to make similar ex- 
perimenis at difierent boilers, both for stariemary engines and for 
locomotives ; and the resnlts will be published in an early nmiobcr 
of the Annals, 

Electro^Magnets.'^Mr, Radford’s electro-magnetic disc, first 
brought forward at the conversazione at the Royal Victoria Galler}^ 
(see page ) h^s since that lime been tried with a battery of eight 
iron jars in two seri^ of four each, and with a bundle of cop|)er 
wires, instead of the cof^r rod, for the conducioj. It now carries 
about cwt. Mr. Radford is making a larger battery, by the 
action of which the magnetic powers of ilie iron disc will very 
shortjy be tested ; and our readers may expeetio^ear of the resuits 
in t^e next number of the Annals. 

FolUtic BoWcri«.^The superior powers dismayed by Mr. 
Sturgeon’s cast iron battery even with the eomparatively small ar- 
rangements Mthsrto made, have induced a few lovers of smence, 
mepslwcs of the Royal Vicioviali^kiy, to enter into a subacription 
for tte purpose of defiraying the expense of an extensive batteiy 
on some princiq^* Five hundred pairs of metals, exposing^ 
four square feet of surface each, are contemplated bn for this mag- 
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nificent buttery. The iron in to^be formed into lectangnlar boxes, 
oj^n at top. The vertical sides of eacb^box to be about ibirteen 
mchea square inside, and the ends and bottom about 1 1 inches 
bt^iMi, leaving shat space between the sid^ for the reception of a* 
square^foot of stout rolled zinc. The battery is already in hands 
and will be proceeded with withoiiudeliy. 

iK/cctro-(ype.— A very valuable application of the clectro*type 
jjrocess has, for some lime past, been made by Mr. Davies, Philo- 
sophical Instrument Maker, Bold-stree^ Liveipool. It is the 
growing and multiplying of the finely divided metallic scales of 
mathematical and philosophical instruments, many of which are 
very expepaivo by the usual process of engraving. VVe are not 
aware of a more important application of tlie electro-type process, 
and we heartily wish Mr. Davies gveiy success in turning it to 
accoiuu in his own department. By making this important appli- 
cation public, without attempting to monopolise it to the exclusion 
of improvement in the hands of others Mr. Davies has secured to 
himstdf not only the credit of the discovery, but the best wishes 
of society. * IVIr. Davies’s discovery ought to have appeared in the 
Annals for lost month, but by some means or other his le^eron 
that subject was mislaid. 

Deguerretype , — We wish to warn the purchasers of these 
b(>autiful pictures, to keep them as much as possible from strong 
light, and from air, as they will otherwise spoil, and become defaced 
in a short time. Wc have already seen instances of ibis kind. 

We have, in this number, given Dr. PriesTley’s own account of 
his experiments on^tho Lateral Discharge; which our readers will 
find more Interesuiig than the partial accqunt of them hitherto 
placed before our readers. 

We shall ^ive nilbtber paper of Dr. Priestley's on the same sub- 
ject, in our next number. • 

Wc have also given Oapt. J. L. Winn’s account of an interesting 
electrical phenomenon, in which the lightning conductor of his 
ship discharged an abundance of sparks, efi^ts at ^trical warns* 
We particnlariy recommend the.perusal of the above two papers 
to eveiry mmUrr of lightning conductors ; and we can promise 
them stBl more valuable data, (recently obtained,) in our next 
number. 
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** A constant roaiior” of the Annals, may expect to see the Hon* 
M^Carendlshs experiments and theory, as soon as we can fix^d 

1XK>X1I. 

■m 

€ Aurora BoreaUs . — A very brilliant Aurora was senn in Man- 
chester, on the eveningly of Sunday the SSOih, and Monday tlhe 
2 i St of December*. 18^/ We hapt>ened to #ee this phenomenon 
on the latter evening, aboiitVen o’clock. It was iken very lilight, 
with an immense quantity of diiluBe white steamers.* This, we un- 
derstand, was its general appearance on the precediiig evening. 
The wind was very light, aM easterly, with a gentle ^ost. The 
Aurora was seen here several times in January last ; on one occa- 
sion the upward waves oT light were very grand. 


r 

Prize Volumes q/' (he 4^naljt qf EUctricityt 

In order to stimulate and psomote experimental inquiry, in Uie 
various departments of Ei^tricity and Magnetism, the Editor 
proposes to offer prize volumoabf the Annals, to those exj^erimen- 
ters who may he most successful la the following subjects : — 

isu For a deseriptioxi oflhe B»ost pewcwful, soft iron, or Electro- 
magnet, in pToj^rtioii of ihe smight of the xrcn employed in its 
structure ; vrbfeh is nd to be less tban iOib. 1 he voltaic battery 
employed will be at the o}ition of the..experimenter ; and is to be 
d^ptcrmed by him, wtlh the manner of using it in the experiments 
with the soft iron magnet. 

2nd. For the invention of an electrical-machine, mere powm^ftil, 
iu jproportion to size, than the usual plate or cylindrical form. A 
full description of (he apparatus, with a suitable drawing, will be 
required. 

drd. For an aceduiu pf the most extensive and held conducted 
experiments on the of the stoam of boilers of high or 

low pressure engines V irilb an the ^nietilars respeciing the cha- 
racter of the water employed in each boiler ; and such other parti- 
culars os may appear interesting, 

4 For the best modeP of Electro-tyjie l*lates, different 

frmii those published. 

5 For the best pape^eM emy brdich of ex^itnenial research 
in Electric!^, or iii»Magpet^^ 

The prixe Ibreadi of Oie aubjecta wlU Volume VJ, of 
the Anxiak of ElMrict^gwagnerism^ and Chemistry, Ac;” 
bound, apd gold leucred iii^c hrst-rato s^te, with a suitable 
«md motto. Tq be presented^ io Jhe successful candidates. 
If. required,) on the drst day of 

■‘•■pie cosnmttilieotioxis on the above subjects are to be addressed 
to Mr. William Sturgeon, Royal Victoria GallexT of Practical 
Science, Manchester, on or before ibe first day of May, 1B41> 
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LECTURE IIL 


Having already made you acquainted with the inodes of 
deHecting the pith balls, by one, and the same, excited body, 
as sealing-wax, glass, amber, &c., it will now be necessary to 
inform you of the character of those phenomena which are dis- 
played by the employment of two or more distinct excited 
bodies ; whose electric forces are brought into play upon the 
electroscope fig. 5, plate viL, vol. 5, at one and the same tRne ; 
and in order to familiarize the experimental operations we will 
employ two of those bodies with which we have already expe- 
rimented, viz., a stick ef sealing-wax and a tube of glass* 

Excite the sealing-wax by some of tte processes already 
described^ and communicate its electric forces to the brass arm 
of the electroscope fig. 5, whose pith balls will remain diver- 
gent after the excited wax is withdrawn* Now excite your 
glass tube by rubbing it in the hand covered with warm black 
silk ; and present this excited tube to the upper side of the 
metallic arm of the instrument, and ps^allel to it, and you find 
that the bails collapse by the approach of the glass tube, but 
separate from ope another again as you withdraw the tube fi*om 
them. These motions of the pith halls are the very opposite to 
those which are displayed by the operations of the sealing wax 
alone ; for in that case, the pith balls diverged farther from 
one another by the approach of the sealing wax, but by the 
excited glass they collapse. ^ 

Let us now reverse this experiment, by -first ^citing the 
glass tube and communicatiim^its electric forcss to the arm and 
balls of the electroscope, by mowing the tube ovear the metallic 
arm qf the instrument, and aRerwards approaching the upper 
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side of the arm with an excited stick of sealing wax. You will 
now obeenre that the phenomena displayed by this mode of 
experimenting, is of precisely the same character as those 
olMerved b^ the former, or converse method ; for the pith halls 
will as decidedly collapse by the approach of the excited wax, 
as they did be£^ by the approach of the excited glass tube. 
These are exc^ingiy beautiful fiicts, and cannot be too^oon 
implanted on *the mind ; Ihr idtbough they appear inniple in 
themselves, they are the founqistion stones upon which mudb 
reasoning in electricity is based : "and upon which alone many 
of the grandest operations of nature find an easy solution. 

In those of the preceding experiments in which the electro- 
scof^ was not touched, we have held the excited body, whether 
sealing wiax^ glass, amber, &c., directly over and parallel to, the 
Imrizontal arm of the instrument ; Sut there are other modes of 
mcperimenting with these piec& of apparatus, which are pro-- 
ductivc of some variation in die phenomena, with which it will 
be necessary to become acquainted before we shall be enabled 
to explain several of those dready noticed. 

Let us now again excite the sealing wax, and again commu- 
nicate its electric action to the electroscope by drawibg It along 
the arm. The pith balls will diverge as usual. Now toud^ 
the metallic arm with your finger, and immediately the pith 
balls will fall close to each other, and all electric action entirriy 
disampears. Now perform the same experiment with the ex- 
cite glass tube, and you find the same results to appear. You 
inay try excited amber, sulphur, or any other body in place of 
the or the wax, and in all cases you will observe that by 
touching the metallic arm of the electroscope you deprive the 
mstrumenC of all it? electric action. The same thing would 
^ occur were you to touch the metallic arm with any m those 
bodies which have the faculty of conducting the electric fiuid 
with, a omsiderable d^ree of facility, such as metallic bodies, 
charcoal, kc. 

Andthar method of abstracting the electric Action from the 
electroscope, is by presenting the finger, or other good con- 
ductor, to the divergent pith balhi. You will first observe that 
the balls will approach the finger, and after being inroniact 
with it for a few moments they will fall off again, hscving lost 
id! tlmir electric force. The electroscope may also have its 
electric action neutralized by the 'fine point of a needle, or a 
pin, presented to the brass arm without touching it. In this 
case the pi^jh balls will gradually collapse until the electric 
action ^tirdy disappears. 

m now ^ain excite the sealing wax, and afterwards draw 
it ovef 'tho anti of the electroscope as in previous experiments, 
leaving the pith bails divergent. Nqw excite the glass tube and 
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draw it also ov«r die metallic arm. The reeidt of this experi- 
ment is very equivocah and depends upon die proportional 
electric Ibrees of the two excited bodies. If the force €ommu«> 
nicided to the instrument by the wax be exactly of the same 
extent- as that communici^d by the glass tube# they will 
balance each other, and the piUi balli| will colapse^ and remain 
clog# together after the glass tube is withdraw;n» But, as is 
more frequently the case« wlAsp the two fbrcee do not balmiee 
one anoth^, balls will div^ge, and remain divergent, after 
the glass tube is taken away fr^ the electroscope. 

Let us now reverse this experimen^by first exciting the glass 
tube, by communicating a part of its electric action to the elec* 
troscope, by drawing it over the metallic arm ; and afterwards 
exciting the sealing wax and drawing it also over the arm of the 
instrument, in this case the behaviour of the pith balls will be 
similar to that exhibited by th€ preceding exf^riment. They 
will remain close together after the wax is withdrawn, if the 
action communicated by the wax be equal to that communicated 
by the glass, but in all other cases they will remain divergent. 
Moreover, the repiaining divergency may be due either to the 
action of the electricity of the wax, or to that emanating from 
the glass tube, accordingly as their respective forces predo- 
minate. And the angle of divergency will, in all cases, depend 
upon the degree of the remaining force. 

Now, to understand whether the remaining electric action in 
electroscope be due to the electricity of the wax, or to that 
communicated by the glass tube, we have only to excite either 
the one or the other again, say the glass, and present it to the 
upper side of the arm of the electroscope. If balls diverge 
farther, their previous divergency was dilb to the action of the 
glass tube, but if they collapse, that divergency was due to th& 
action of the wax. But if, instead of the excit^ glass tube, w 
employ the excited wax, for purpose of discovering 
residuum electric action in the electroscope, then, should the balls 
diverge farthei^ by its approach, the residuum’ of electric action 
is due to the electricity of the wax, and if they collapse, it is 
due to the glass, * 

From several«of the results of the preceding experiment, me 
have obvious instances of the electric powers of sealing wax, and 
those of glass, by the hitherto described medes of excitation, coun-' 
teracting one another, and when the experiments are made with 
great core, the electric forces which emanate from the two excited 
bodies, are found to neutralize each other veiy exactly. Hence 
we learn, that those forces are of opposite kinds, and must 
necessarily originate from dififerent eldctric conditions, which the 
exciting process have occasioned in the sehJing wax and the glass 
tube. 
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In consequence of the electric forces emanating from ^ass and 
seeding wax/ by the methods of excitation hitherto described, be- 
found to neutralize each other, some pbilosopheTS have been 
of^inion that there are two kinds of electric matter/ one belong- 
ing to the glass, and the other to the sealing wax ; and *as the 
electric action of all vitrUfus bodies has been found to correspond 
with that emanpiing from glass , and the electric action of amber 
and all rerinous^bodies to com^yynd with that of sealing wax ; the 
former has obtained the name of mVribtu electricity, and the latter 
that of resinous electricity, tnese technicalities were brought 
forward in a very early period of the science, and answered the pur- 
pose of illustrating the p;rinciplea of a certain hypothesis, now 
neai'ly exploded by subsequent discoveries which ^how that, at 
least, the terms vUrious and resinous are decidedly incorrect, as 
the character of the electric force emanating from either class of 
bodies, can be varied at pieasflTe :«an instance of which 1 vpll now 
place before you. 

Let us excite a slick of sealing wax by rubbing ii against the 
sleeve of the coat, or against fur. See., as hitherto described, and 
then dmw it over the metallic arm of the electroscope, and leave 
the pith balls divergent. Now Change the fur, &c., for a piece of 
tin foil, and rub the surface of the wax a few times, very briskly’, 
with the foil held in the hand. Present the newly excited scaling 
wax towards the upper side of the arm of the instrument, and the 
pith balls will collapse in the same manner as by the approach of 
an excited glass tube. And if the sealing wax be drawn over thq 
metallic arm, the balls will remain together even after it is taken 
away from the instrument. And, indeed, all those phenomena 
which the excited glass tube has shewn in the preceding experi- 
ments, can also be 8ho||vn*by a slick of sealing wax when excited 
by tin foil : which show that there is no peculiarity of action in the 
Uprax, but that its electric character depends upon the nature of 
substance against which it is rubbed ; or, if you pletise, with 
which it is excited : and^as this it the case with all resinous bodies, 
hence the absurdity of the term resinom electricity. The tenu 
vUi^us electricity is also incotn)>atible with exjjbrimenttd facts, 
because by varying som^ of the circumstances in the process of 
excitation, the character of the electric action proceeding from 
glass and other vitrious bodies, will vary accordiagly. This feet 
is very easily shown by employing a tube of glass whose surface is 
made asperous, cither -by means of acid, or mechanically, by 
means of emery powder, or by a common grinding stone.' When 
a glass tube, thus prepared, is excited by a piece of silk in the 
manner already described, its electric action corresponds with that 
emanating febm sealing wax, and the resinous bodies, which have 
be^ ^X<nted by woollen chilh, or b^r fur, &c., and is consequently 
ow^omte to that displayed by a smooth glass tube, similai'ly excited. 

The diiibreuce in the electric action of excited smooth glass by 
dry silk, and that of sealing w.ax, &c., by fur, woollen cloth, &c.. 
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vms discovered by"M. Du Kay, iuteudant of the Frencli king's 
gardens, about the year 1733 ; who, in consequence, introduced 
the terms vUtious kud resinous electricity. Alter describing jsome 
odber of his discoveries, Du Fay proceeds to describe the one In 
question in the following manner : — * 

** Chance has tjhrown in my way another principb more univer- 
sal atid remarkable than the precedin^Vne ; and which casts a new 
light upon the subject o( electricity. The principle is, that there 
arc two kinds electric^y, veiy^difierent from one another ; one 
of which I call vitrUms, and the other resinous electricity. The 
first is that of glass, rock-crystal, precious stones, hairs of animals, 
wool, and many other bodies. The second is that of amber, copal, 
gum lac, silk, thread," paper, and a vast number of other sub- 
stances. The characteristics of these two electricities are, that 
they repel themselves, and attract^each other. Thus a body of the 
vitriou^electricity repels all other bodies possessed of the vitrious; 
and on the contrary, attracts all those of the resinous electricity, 
'the resinous, also, repels the resinous, and attracts the vitrious. 
Fronv this principle, one may easily deduce the explanation of a 
great number of the phenomena; and it is probable, that this 
truth will lead us to the discovery of many other things.” 

As this discovery formed an important epoch in the history of 
electricity, by furnishing materials for, what was then considered, 
an essential part, at least, of a complete theory of tlie science, 
which met with little or no opposition for about twenty years after- 
tilu'ds, and even to the present day, is adhered to by certain phi- 
losophers, the above passage of the author’s will always be an 
interesting document to refer to. But, as I have already shewn 
by experiments, as the glass or the. sealing wax can be made to 
display either the one or tire other kind ot electric action, by vary- 
ing the circumstanceB of the excitation, Du Fay's hypothesis of 
vitrious and resinous electricity is perfectly untenable. The dis- 
covery of varying the character of electric action of excited bodies, 
was first shown by Mr. Canton, by some experiments which that 
])hilosopher mad,p in December, 1753, about twenty years after 
those made by Du Fay. Some of Mr. Canton's experiments were 
those I have already described with tinToil and sealing wax, and 
with rough glass and silk. Till this discovery' by Mr. Canton, 
the friction of sealing wax bad always been supposed to produce 
one kind of electricity, and the friction cf glass another kind; 
which " were thought to be essential, and unchangeable properties 
of those substances. ’ f 

Notwithstanding the prevailing idea which philosophers enter- 
tained respecting the difierence in the electric actions of vitrious 
and resinous ^bstances. Dr. Watson in this counuy, and Dr. 
Franklin in America, had explained electrical phenomena upon 
very difllerent principles to those set forth in the hypothesis of 
Du Fay, about some six years previously to the discoveries of 
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Mr. Caoion wliich I have already mentioned : and although Dr. 
Fr^klia has had the credit of the theory which is now generally 
adopted, it is certain that Dr. Watson has a prior claim to it, at 
least so far as the dates of their respective views were made puhlic. 
“ iDr. Watson showed a series of ex])eriments to confirm the doc- 
trine of plus and minus Electricity to Martin Folkcs, Esq., then 
president, and to a great number of Fellows of the Royal 
so early as the l)eginning of Ihe year 1747, before it was known in 
England that Dr. Franklin had discovered the same thing in 
America.” See the Philosophical Transactions, vol. xliv. p.‘ 739 ; 
and vol. xlv. p. 93 — 101. Dr. Franklin's paper, containing the 
same discovery, was dateiat Philadelphia, June 1st, 1747.* 

The principles of the Franklinean theory of electriciiy are 
similar loMiose which I have advanced at the commencement of 
these lectures ; viz., thq;t all electric ^enomena emanate from the 
operations of a peculiar kind of Inatter. The following owtline of 
this theory is copied from Priestley’s History. 

‘^According to this theory, all the operations of electricity 
depend upon one fluid sui generis » extremely subtile and elastic, 
dispersed through the pores of all bodies ; by which the particles 
of it are as strongly attracted, as they are repelled by one another. 
" When the equilibrium of this Ifl aid in any body is not disturbed, 
that is, when there is in any body neither more nor less of it than 
its natural share, or than that quantity which it is capable of retain- 
ing by its own attraction, it does not discover itself to our senses 
by any effect. The action of the rubber upon an electric,'^* distUT#^ 
this equilibrium, occasioning a deficiency of the fluid in one place, 
and a redundanej*^ in another. 

" This equilibrium •being forcibly disturbed, tbe mutual repul- 
sion of the particles of the fluid is necessarily exerted to restore it. 
If two bodies be both of them overcharged, the electric utmos- 
]>heres^ repel each other, and both the bodies recede from one 
abother to places where* the fluid is less dense. For, as there is 
supposed to be a mutual attraction between all bodies and the 

* ' 

• Priestley's Historj*. — Tly; original papers of our old indefatigable elec 

triciansr are extremely interesting to every cultivator of the science, «n 
which account, we sluUI occasionaily present them to our readers, as we 
find room in the Annals.— Edit. " * 

f Those bodies whiclT wore excited by rubbing, such as glass, amber, 
sealing wax, &c,, were formerly called electries ,• and the rubbing substances 
etnployod, wefla called non-electrics j iVom the idea that the former class 
alone could be excited, and tiiat the laUer could not be excited, which is 
contrary to faftt, as we shall see a» we proceed. 

* El^tric atmospheres are supposed JLo surround all bodies that arc in a 
state of electric action, and are more or less extensive as tlie bf>dy is more 
or less electrically active. 1 shall have occasion to illustrate the doctrine 
electric atmospheres at soihe considerable length, in subsequent lectures. 
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electric fluid, electrified bodies go along with their atmospheres, 
if boi the bodies be exbaus^ of their natural share of this fluid, 
they 9 Xe bo^ attracted by the denser fluid, existing either in the 
atmosphere contiguoas to them, or in other neighbouring bodies ; 
which occasions, them stUl to recede from one another, as mach^as 
when they were overchaiged. % 

*^4iastly. If one of the bodies have an overplus q[ the fluid, and 
the other a deficiency of it, the equ&ibrium is restored with great 
violence, and all electrical appearances between them are more 
striking.” 

. If we admit that the Franklinean theory embraces the true 
principles of elective action, we shall be*enabled to understand tlie 
cause of many phenomena which, otherwise, would appear to be 
exceedingly intricate. • ^ 

The attraction of light bodiesjiby an excited stick of scaling 
wax, 0 ? by a glass tube, and the jumping motions produced in 
bits of paper, &c,, described in the first lecture, may now be 
easily explained. When a smooth glass tube is excited by silk, 
it is sup]^ed to derive its electric action irom a redundancy of 
fiuid wnicb it bas obtained fiinm the silk ; hence it is sajd to be 
electrized plm, or positively. But when the sealing wax is excited 
by fur, woollen cloth, &c., it is considered to have lost a portion of 
its natural share of the electric fiuid ; and is therefore said to be 
electrized rnimts, or negatively. Hence you will easily understand 
that, in the former instance, the redundant fluid which the glass 
4ibe was charged w'ith after excitation must necessarily have been 
obtained from the silk with which it was rubbed: €ind, in the 
second case, some of the fluid naturally belonging to the sealing 
wax, must have been carried off by the fur, or the cloth which 
formed the rubbing substance. Therefore If these rubbing sub- 
stances were to be insulated, they ought to exhibit electric action 
of an opposite character to the bodies which they respectively 
rubbed, and consequently of an opposite character to each other, 
which is absolutely the case . for the electric action communicated 
to the electroscope by the excited glass tube, is as decidedly neu- 
tralized by the electric action of the rubbing silk, as by that of an 
excited stick of sealing wax. And the electric action of the seal- 
ing wax is also neutralized by that of the fur, or woollen cloth, 
with which it is riibbed- It can also be shown that the electric 
action exhibited by the silk, is of the opposite character to that of 
the fur, when these substances are rubbed against smooth glass and 
tigainst sealing wax, respectively : and that these actions will neu- 
tralize each other. 

When the excited .sealing wax was held over the bfts of paper, 
in the first experiment, it being ne^atiftly electiical, was disposed 
to abstract fluid from the nearest bodies that were capable of furnish- 
ing it, which in this case were the bits of paper and the table on 
which they were placed; but as neither oi these were in contact 
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with the wax, and as the light bodies were easily moved by a 
moderate attractive force, they were thus lifted to the wax, to which 
they gave off a part of their natural share of fluid, and became as 
decidedly negatively electrical as the surface of the wai itself. In 
tl^is condition the^" were attracted by the table or the plate on which 
they were first placed, an<^ where they were soon replenished with 
fluid ; and now being in the same electrical condition as at first, 
were again attracted by the Vsling wax, giving to it another* por- 
tion of fluid : and by a series or journeys between the table and 
the >vax, the latter became so far supplied with fluid as to diminish 
the attractive force too far to continue the motions of the paper 
any longer. The wax, however, was still left in a minus condi- 
tion, as might be easily shown by the employment of very deli- 
cate electroscope such as will he described by and by. 

When the excited glass tube is used to produce motions in light 
bodies, the latter cany the fluid from the tube to the* tab]p, until 
it is deprived of nearly all its redundant fluid : the forces then 
become too feeble to continue the motions. We must not forget, 
however, that the electrical fluid is highly elastic, and that like all 
other elastic fluids it makes its way, or expands to the greatest ex- 
tent in that direction where the resistance Is tlie least. Hence, 
in the case of sealing wax, which was rendered negative by 
excitation, and consequently, its attenuated fluid presenting a 
less resistance to that in the paper and table, thai^^as ^^resented 
on any other side, the latter expanded in that direction, and urged 
or carried the light bodies along with it to the surface of the wax : 
or at least, assists materially in producing their motions. 



THE ANNALS 

ELECTRICITY, MAGNETISM, 
AND C HE mi's TRY ; 

• AND 

<Kttartitan of lEac^Hittwnfal 

FEBRUARY, 1841. 


A Itejwrt of some Experiments in Atmospheric Electricity, made 
in the Autumn o/’1840, during which the Disengagement and 
Insulation of Ozone were effected, Bv W. H. Weekes, £sq.. 
Surgeon; Lecturer on Philosophical and Operative Chemistry, 
&c. &c. 

The almost incessantly advancing importance of electrical 
science, with the now obvious identity of the atmosjiheric, 
frictional, and voltaic currents, and the fhanifestation of this 
universal agent in connection with all physical as well as 
chemical changes, are primary considerations which have united 
to confer upon the subject an interest, the intensity of which 
few sources of philosophical enquiry have even succeeded in 
creating, The^ earlier cultivators of this delightful field of 
knowledge, Franklin, Priestley, Cavallo and others, in order to 
obtain materials for the basis of a superstructure, most industri- 
ously collected and recorded every fatet, however seemingly 
trivial, in any wfly l)earing upon, or derived from, their favour- 
ite pursuit ; nor, though our progress iy these branches of 
philosophy has recently been dis^nguished by some gigantic 
strides, does it appear less valuable or necessary, if we would 
pro6t by our advancement, to persist in similar records of our 
observation and experience. In accordance with th&e views is 
the chief object of the present paper. 

It might, perhaps, almost seem that in the grand kite ex- 
p^iment of Franklin, and the great practical results derived 
therefrom ; in the philosophical deductions of the Abbe Nollet 
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and Beccaria, atlded to the sublime, and—to some 

minds — ^terrific phenomena exhibited by tiic apparatus of M-de 
Romas, apart from the valuable labours of more modem experi- 
menters, that the science of atmospheric (jlectricity had been 
iwetty well exhausted of its essential constituents. Such, how- 
ever, I must submit is v^y far from l)eing the case. The long 
continued and^ splendid operations of the celebrated electrician 
of Broomfield* Andre w Cro88e,»Esq., have at once shed anew 
and expaniled lustre on this department of physics ; and, I 
trust, that at a future day he will not withhold from his less ex- 
perienced brethren in science a full development of his valu- 
able labours in a typogfttphical form. To the fresh ardour and 
excitement "hispired by the extraordinary personal kindness of 
this gentleman, in exhibiting and explaining to me his magni- 
ficent arrangements, I owe the circumstance of having under- 
taken to extend about yarBs horizontally over the ♦own in 
which I reside, an atmospheric electrical machine, which, dur- 
ing many months past, has frequently furnished results of a 
highly brilliant interesting chaiacter, independent of the 
minor phenomena which it almost uniformly presents. The 
erection and carrying out of tliis apparatus presented many 
difficulties and required numerous modifications, not incidental, 
I believe, to its adoption in an open country ; though the suc- 
cessful issue has amply compensated for the labour and expen- 
diture employed. This atmospheric exploring wire is insulated 
at its extremities against the balls from which arise the vane- 
spindles of the two principal churches of the town, one hundred 
and thirty-six feet above a base line supposed to be drawn be- 
tween the two edifices. An intermediate station is snpplietl by 
an elevated chimney, near to which is given off a descending 
wire communicating with various operative arrangements inside 
the window of my laboratory, and, by means of these, the otln r- 
wise most terrific electric current, is managed w'ith case and 
certainty, while the experimentalist looks on with a ieeling of 
cool philosophic satisfaction. I propose to subjoin a few notices 
illustrative of the effects which obtain from the passage of the 
atmospheric current thVough this instrument, and I must pre- 
mise that these remarks are substantially extracts from my daily 
electrical journal. • 

September 16/A, — As the autumnal months have ap- 

proa^ed, the atmospiiere has become highly prolific in electri- 
cal phenomena ; many of these have assum^ a character of 
great interest and splendour, but I can scarcely hope that my 
descriptive memoranda will succeed in conveying an adequate 
idea of the magnificent exhibitions which have rapidly follow'cd 
o^ergtion during nearly three hours past noon this day, 
Likst gvening the barometer sunk suddenly to 28,60, wind W. 
S.W., and increasing from a previously smart breeze, with other 
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indie aliens of an approaching stornn. During the night some 
heavy falls of rain occurred, and this morning at sun rise the 
wind blew smartly from the same quarter as yesterday ; the sky 
soon became over-spread with various modifications of cloud, 
anti among them that peculiar form which usually precedes 
nimbification was predominant, moviftg with considerable ve- 
locity at a moderate altitude in the direction of thg wind. The 
instruments throughout the forenoon continued to diverge with 
negative electricity, the divergence gradually decreasing as the 
day advanced. A few minutes before noon a stupendous, dense, 
and heavy looking black cloud, having its edges remarkably 
depending and flocculent, advanced irttraediately over the line 
of wire, and commenced discharging its aqueous contents most 
furiously. This had no sooner obtained than a continuous tor- 
rent of sparks of the Jirst masnilude, formed violently, from the 
large gk>bular terminus of atmospheric machine to the in- 
ferior receiving ball, attended by corresponding shaip cracking 
explosions, each being equal to the report of a moderate size 
pistol, and resembling in general efl^ct the well known running 
fire occasioned by the rapid discharge of a multiplicity of small 
fire arms. With short intervals of a few minutes, as clouds of' 
a similar character continued to arise over the line of wire, 
these splendid phenomena recurred with more or less brilliancy 
until about three o'clock p. m. At one period during this 
grand display three distinct flashes of lighting were observed in 
brief' succession, and almost identically with the appearance of 
each flash, streams of brilliant fire, having most extraordinary 
intensity, rushed through the apparatus with a loud hissing 
soupd, similar in its efiPects upon the auditory nei*ves, to that 
which obtains when a\?onsiderable mass of red hot iron is sud- 
denly thrown into water. However, in one instance, the cloud 
fi om 'which the electrical discharge proceeded, could not have 
been very near the line of our operative arrangements, as from 
five to six seconds were distinctly counted between each flash 
and the thunder which followed*. 

• ThoHo gran<i displays of ilie electric ni attar from the Hpjiaratus, vrrre 
<jh\iouKly the effects of vlt'ctrical U'a»-es, occasioned hy the distant flashes of» 
lifihtninp.- They are phenomena of very frequent occurrenct^ to the kite 
experimenter duringfli^htninjj. We have frequently met with similar ap- 
pearances whilst expoi inn. ntiog with electrical kites; and it is somewhat 
singular tlial Mr. tinow Harris, who says that ho fs a kite experimenter, 
never saw any of these splendid phenomena; and consequently lias no idea 
"Whatever cither of their grandeur, or of the cause of their production. 

We are in hopes that Mr, Harris will read Mr. Weeke’s very beautifully 
descriptive account of those phe.nomcna, with a great deal of interest. For 
our own part, wo bail them as additional, and, indeed conclusive data in 
support of thc-inferoiices Wte arrived atconceming the phenomena observed 
on board the Dryad and Beagle, wben these ships were supposed to be 
struck by lightning. (See Annals, Vol. IV, p.l71.) The liissing noise in Mr. 
Weeke’s experiment was precisely that heard by the people in the ships : 
both being like that produced by the quenching of iTd-hot iron. — Edit. 
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Btiring progress of this grand electrical drama I made 
numerous experiments,(that is to say, some twenty-five pr thirty 
times^) by means of excellent test instruments, on the quality 
of tine fluid tJius abnndantiy yielded, and found frequently 
altanatin^ from the positive to the negative state, as though a 
series of highly charged zhnes were gradually being passed over 
the apparatus, ^uccessively^opposed to each other in their#dis- 
tinctiye character, t ^ • 

Owing to the long continuance of this remarkable fcrial dis- 
turbance, a fine opportunity presented for testing the chemical 
and mechanical effects o^its powerful electric current. Of this 
I availed myself in several instances ; the results, which I shall 
not a pi^escnt detail, proving Such as to raise sanguine antici- 
pations in my mind relative to its occasional employment as an 
agent of decomposition ; while ^he mechanical phenomena inci- 
dent to the discharge of large electric batteries w^ere hot less 
surprisingly exhibited, in the instantaneous transit of the fluid 
through thick folds of paper, layers of cardboard, and in other 
instances, piercing thin plates of glass, and shivering the thicker 
kinds into pulverized fragments. 

Incidental to the mechanical arrangements of my atmospheric 
machine, and immediately beneath the large terminal ball in the 
window of the laboratory, is fixed a long mahogany tray for 
the reception of various electrical instruments, which, as cir- 
cumstances may require, are connected by stout wire commu- 
nications with other series of apparatus placed on the table, &c., 
in different remote parts of the room. Among those employed 
to-day, the. electric fluid was seen playing in a zig-zag form, 
and gambling, as it were, in all directions ; moreover — thodgh 
found to be perfectly under command, by moderate attention 
to the provisional means of safety originally adopted— so profuse 
was the igneous stream in this instance, that while it was abun- 
dantly supplied within doors, a similar discharge of flashes and 
sparks was frequently given off identically to the knob of a 
secondary safety-rod, contiguous to one of the insulating stations 
on the outside of the «building." The intensity of the electric 
liction (almost constant for nearly three hours) proved so great, 
.that the im^fiices of the terminal and receiving l^ils in tiie locality 
of the line of discharge^ were afterwards found extensively 
oxidated, and forming a beautifully radiated appearance to the 
d^Hl^of nearly half a line in the solid metal. In completing 
the^jPjrting^ents to which 1 am indebted for this grand dis- 
|)lay, I, hi certainly contemplated, that some very extraordinary 


, . 4;: The origin of tbhi idea, that thut)idcr clouds are con.stituted by a series 
^;l*anpeintrio electrical zones* belongs, 1 believe, expressly to" Andrevr 
Crosse, £}sq. I have only to add, that many recent experim^ts which I 
hare had an opportanity of instituting, by means of the machinery men- 
tioned in this paper, tend unequirocaliy to confirm the opinion. 
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and interestinpf results would obtain, but I must freely confess, 
that my most sanguine anticipations were left^far behind by the 
splendour and sublimity of this day's exhibitions ; the whole 
scene being one continuous presentation of astonishing magni- 
hcence, a competent idea of which 1 specially feel my inability 
to ^onvey. 

Shortly after three o’clock, p.mf* the clouds gradually dis- 
persed ; a hne blue sky succeeded, and even a trace of free 
electricity could no longer be detected by ray most delicate test 
instruments. Nature, as though wearied by over exertion, now 
seemed to express a determinate repose* 

While the brilliant phenomena I have attempted to describe 
were passing, the atmosphere of my laboratory (a room 1 8 feet 
by 12, and \4> feet in height) became so thoroughly impreg- 
nated%iuh a. peculiar effluvia dilengaged by the electric current, 
that ]>ersons who entered were immediately sensible of its pre- 
valence, and repeatedly uttered expressions of surprise at the 
strong phosphoric odour manifested. £very practical electri- 
cian is familiar, at least in a minor degree, with the remarkable 
effect produced by this odour on the olfactory nerves. I have 
experienced its development from even comparatively moderate 
(liscixarges of atmospheric electricity, on several former occa- 
sions, but, perhaps, the quantity which must have been set 
free in the ptesCnt instance, is without a parallel in the records 
of the science. 

In reference to what I shall have to subjoin, I feel that it 
will be merely an act of ordinary justice in me to state, that on 
the following day (Sept. 17th,) I was favoured by a visit from 
my friend W. G. Lettsom, Esq., who, immediately on my de- 
tailing to him the experiments, &c., of the preceding day, and 
more especially my observations on the prevalence of the extra- 
ordinary phosphoric odour, directed my attention to the trans- 
lation of a letter from M. Schoenbein to the celebrated Arago, 

On the natuDe of the odour manifested in certain chemical 
actions,"' wliich letter had appeared in the Compte Rendu de 
V Academic des Sciences, No- 28.* In^this paper M. Schbenbein 
maintained tha^the phosphoric odour arising from the action of 
an electric current, constitutes a peculiar ** odoriferous princi- 
ple," to which, from its most evident character, he gives the 
name of ozone, and he feels almost sure that it should be ranked 
in the class of bodies to which chlorine and bromine belong, 
that is, among the elementary and hologeneous substances. 
He further concludes that ozone must be disengaged every time 

♦ It is a singular coincidence, as* since appears, that at the identical time 
of my experiments and observations, and that ^so of M. Schoenbein s 
paper becoming known to me, the latter was actually being read in the 
rljomicai section of the British Association then in progress at Glasgow. 
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that sparks and lightning traverse the atmosphere. To the cor- 
rectness of the latter conclusion, my own experience in atmos- 
pheric electricity will enable me to bear ample testimony. From 
^1. Schoenbein's con victioiv that this body is always disengaged 
in the air, and in perceptible quantity, in stormy weather, he 
proposes a series of exi)enment8,t which he considers su^ei|nt)y 
interesting to be undertake every where — and of this there can 
be no doubt — by placing plates of* platinum in very elevated 
situations, taking care to make them communicate with the 
earth. As this metal invariMy acquires negative electricity (ac- 
cording to M. Schoenbejn) by the action of the '''odoriferous 
principle,” it may be concluded that ozone is developed wher> 
the platlqum is found to be negatively polarized, and this fact 
must be ascertained by means of n» exquisitely delicate galva- 
nometer. The series of experitiients proposed by M. Schoen- 
bein, to be effected by means of elevated discs of pfatiniim 
connected wnth-the earth, I find to be of as practiaible nature 
as could well be desired^ when the apparatus communicating 
with ray aerial exploiing wire is employed for that purpose; 
and, as I shall presently endeavour to show, this arrangement, 
or certain modifications*thereof, would be admirably adapted, 
both in principle and operative detail, to a further prosecution 
of the inquiry, in relation to the electro-chenneal and other 
effects of ozone. Whenever a free electric curre^jt in the form 
of sparks is passing from the terminal ball of the apparatus to 
the cartli — and this is a frequent occurrence during hasty show'ers 
of either rain, hail, or snow ; dry easterly winds, &c., to say 
nothing of thunder storms — if a piece of platina foil, some three 
or four inches square, fastened to a wire, and held in the hand 
of the operator (if the discharge be not too powerful at the time, 
and if so it must he otherwise supported) be brought for a few 
seconds into the vicinity of the ball, and more especially in the 
direction of the current, the pUttef necessarily acquires a negative 
polarity, which riiay be imuediately shewn by the galvanometer, 
and the experiment rcpeatetl with the greatest «faeility as oftfen 
as desired. • 

It will be reraerabered^hat the great atmospheric disturbance, 
hitherto forming the subject of this paper, took place on the 
!f>th Septemljer. I'he remaining part of the month proved 
also highly prolific in similar phenomena : the 19th, £i^nd, 24lh, 
^5th, and 29 th furnishing instances of powerful electric currents, 
scarcely inferior in quantity and general effect to that already 
described. ♦ Nor, was the succeeding month less interesting to 
the electrician, in this respect, except that the force of the at- 
.f:dQS|;)|ieric current appeared upon the whole to be very gradu- 
^ly tleclining. I shall, however, pass over any especial notice 

f We have introdueod M. .Schoonbein’s lettwnext but one. — I’Jdif. 
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oC these events, and extract from my journal the Menaoranda of 
October 28th — During the greater part of last night and this 
morning, the atmosphere has in a highly electrical condi- 
tion. Late hist evening distant lightning flashes were repeatedly 
observed. ; subsequently a gale came on from the S. \V. accom- 
panied, by hail storms and heavy raitfs. Early tliis morning a 
poi^erlul current of dense sparks, /rom two to three inches in 
length, and of the apparent jthi^ness of one's little finger, 
having great intensity, passed frt>n4||the terminal ball to the 
earth ; and the splendid scene it furnished has been frequently 
renewed in the course of the day. Many interesting experi- 
ments were highly effective, but more especially the following 
instituted expressly with a view to prove the disengagement of 
ozone t as recently supposed, by M. Schbenbein, to ooeur during 
the passage of the electee spark through, the air. The little 
nppartitus used on this occasiod as an appendage to my atmos- 
pheric machine, and which I wdll now describe, had been pre- 
pared 'in readiness a few weeks since, though no convenient 
opportunity for employing it has hitherto presented. 

'I'he cylindrical glass vessel «,fig.l, pi. 1, three inches in diameter 
and nine in height, is fitted with a metallic cap b, from the centre 
of which rises a stout wire eight inches in length, but at right 
angles some three inches from its extremity, where it is termi- 
nated by a brass ball g, one inch in diameter. The cap of the 
instrument 6, and the substantial metallic foot-stand c, are 
respectively furnished with a narrow rim into which the ends 
of the cylinder are accurately ground so as to fit somewhat 
tightly, yet capable of being easily detached at pleasure. To 
tlie under part of the circular plate d, which is nearly equal in 
diameter to the glass itself, and has a rim tumetl up all round, 
is soldereii a tube e, sliding freely over a second tube f, the 
latter being soldered firmly to the centre of the foot-stand c. 
By means of the sliding tube the disc d can be raised or lowered 
at pleasure, whereby its required distance from the upper plate 
or c.ap b is readily adjusted. The metallic fittings of the instru- 
ment are neatly made of sheet zinc, well ground and polished; 
all sharp edges being avoided, except as regards the rim of the 
circular plate which presents an accute edge all round to the 
cap above. 

The glass cylinder having been well warmed, and freed from 
every particle of dust, the circular plate d adjusted to three and 
a-half inches from the cap 5. the knob g was brought within 
striking distance of the large ball (four-inches ^in diameter) 
forming the terminus of the atmospheric apparatus, while a 
tremendous current of electric sparks was being rapidly dis- 
charged. Strong flashes of brilliant light with occasioned dense 
(Sparks were immediately seen passing between the two metallic 



96 Evperimeitls in Atmospheric Ehclricty. 

surfaces vlthm the cylinder, notwithstanding the broad daylight 
which ]^vailed* , When about fifteen seccuids had elapsed^ the 
instrument was withdrawn from the terminal ball, and the cap 
h removed. In on instant ^ was evident d»at ozone had been 
. must abundantly «lis^gaged, and the atnu^bere of die cylin- 
cfcr become so strongly impregnated with a {Miwerftil pun- 
gent phosphortc odour, that I mund it exceet^ngly inconvement 
to respire over the aperture m the glass; •nor could I find any 
indivMual out of severallfpesent willinu to permit its approadh 
towar<^ their nostrils beyond a second or twot. A piece of 
platina foil about three*incbes in length am! two and*a«half 
broad was next placed vertically on the stand d> and the instru- 
ment a second time brought within theVstriking di8tiini*e. The 
former appearances were renewed,^ and at the expiration of 
twelve seconds the platinum beii:^ withdrawn, it was found, 
agreeably to the theory of M. SchiSenbein, to have acquired a 
strong electro-negative polarity. 

The electric current continuing favourable fi>r some time 
longer, I was induced, upon a little refiection, to expose several 
solutions of the different salts, contained in small watdb glasses, 
and supported upon the plate d, to the. action of an atmosphere 
strongly impregnated with ozofie produced the passage of a 
dense electric steam through the cylinder. That eertmn chemi- 
cal changes took place in these solutions ikltnits of no ambiguity 
in my own mind, though 1 was mit enabled to pursue the ex- 
periment for a sufficient length of time to arrive at satisfactory 
conclusions. As opportunity may present, I design to repeat 
these experiments, and also, if possible, to ascertain Uie action of 
ozone on several gaseous apd^other bodies. 

In ccmclusion I will mention that, while experimenting with 
the little apparatus above described, I placed a great number of 
small irregular pieces of dry elder pith, the angles of which 
were acute and uncertain, upon the moveable plate d, an<5 
while the electric current was passing at the acme of its vigour, 
several ofdiesetook fire and burnt with great bAlliancy. The 
fine and delicate angles presented by the fragments of pith, 
acting as so many points apposed to the cap of the instrument, 
the intensity of tJie current being great at the time, ignition al- 
most immediately took place ; the fragments of pith tlie while 
remaining stationary, 6r exhibiting only very slight motion oc- 
casionally. — During all the experiments recorded to have been 
made on Uie 28tb, the electric current Was invariably negative. 

Sdndfvicht^Dee. ^^nd, 1840 , 
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Read at tjUe Royal Victoria Galltay, November, 1840. 

29 . To imitate the deCtro-chemic^l actions of the galvanic 
fluid by ordinary eleetricity, we are obliged, as before stated, 
to proceed in our ^periinents pe^ectfy QpHfiniwus 

rent, and, for reasons hereafter fb be mentioned, tonbtain a View 
of the gas generated, (40, 43) to confinlfthe current in conductors 
of a most limited magnitude*. 

SO. It appears to me there have be^n two principal causes 
why analogical decompositions have not been effected. The 
first has been that a sufficiently fine and delicate diameter has 
not been given to the conductors or guarded poles ; (5d) (Wol- 
laston^ nieth^ of construc^i^ such as would decompose by 
current alone being difficult and tedious, he first obtained a 
nitro-muriate of gold in solution, placed the same in a glass 
tube, melted the tube with the blow-pipe, by which means he 
also evaporate<l and drove away all the acid, and then, by draw- 
ing out the tube, rendered the metallic lamina of gold exceed- 
ingly minute. His results, however, being, on certain accounts, 
unsatisfactoi’y, as has already been pointed out.) The magni- 
tude of the poles being too great, has induced the experimenta- 
list, from the great paucity of fluid in the ordinary electric 
current, to sepatate some portion of the conducting material 
and produce sparks or shocks in the circuit, and thus render gas 
visible where none can be obtained by the mere current,'which, 
as shown in my last, destroys the identity of effect of the two 
fluids, (21. 22 . 27 ). t The second cause of failure has generally 
been the deficiency in quantity of the current fluid — ^producing 
such scanty developement of gas — that it would have been folly 
in the operator to have attempted to procure as much as could 
be submitted to the test of explosion by the electric spark. 

31. rile method which 1 found necessary to adopt in the 
construction of the guarded poles, was the following : — I pre- 
cured a proportion of the finest plating wire obtainable in town, 
hammered its extremity until it formed a flat plate, whose area 
was about 1 0 oM2 times the diameter of the wire ; and with a pair* 
of scissars ctU it into as fine a point and dlament as possible, 
and placed the wire in a small glass tube* melted the extremity 
until it adhered to and covered the filament, and afterwards by 
grinding exposetl the point sufficiently for a small sjwrk ftom 
the macninejust to pass — which point could by no means be dis- 
covered either with the naked eye or a microscope. A curve was 
also given to the lower part of the glass tube, see g. g. fig* 

This applies only t«» the guarded poles, (2<>) see now 47. 

‘b See Dr. Faradsy's 3rd series, (320) 
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Finding the electro-clieniical pawerjapf the current ^one 
from the macdiinc exceedingly low, 1 became desirous of availing 
myself of the powers of the increasing battery^ before described. 
(2^). Etut the great, diihculty of discharging a succession 
of charges in such a manner as to produce a continuous 
current appeared insurnfountable. Meanwhile proceeding to 
construct a machine for the purpose of producing the two kinds 
of electricity upon the op^sing surfaces of an dieptric in the 
state of proximate polarhsation, (14.15) imagining that by this 
means the quantity might not only he augmented, but a fluid more 
nearly resembling the galvanic produced^ 1 mounted a circular 
plate of common \vind<fw glass upon an axis similar to a plate 
machine. One side of the plate was covered with a layer of seal- 
ing vvax,^nd a rubber of hair skin applied to it in communica.- 
tion with the ground. On the opposing surface a rubber of 
leather w'ith amalgam, was ihade use of, &c. In al'i: ways 
in which the same could be tested, I obtained vitreous or posi> 
live electricity upon each sur^ice, which fluid also could only 
be collected on one side. The reason was obvious. The 
positively excited surface by polarissation caused Um? develope- 
inent of the natural fluid belonging to the opposite surface, (in 
deflance of hair skin, sealing w«ax, or any other resinous excit* 
ing electricO — as in the phenomena of the Leyden jar or plate 
machine, ( 19 ). 

The failure -of this experiment, nevertheless, put me in 
possession of a method of obtaining a continous x^trrent from 
the increasing battery. 1 remembered that the Leyden jar, with 
moveable linings, can be charged positively and negatively on 
its surfaces, the coatings can be then removed, and a slow and 
gradual discharge of the whole of its fluid produced by omnect- 
ing the Inner and outer surface, of flrst one portion and then 
another by the common discharging rod. ll struck me that a 
modification ot this experiment might readily fulfil the object 
desired. Removing from the glass plate, already inscribed, 
the rubbers, and in place of them applying two metallic movea.- 
ble coatings, c d, fig. I, in imitation of the Leyden jar, I ' 
charged the surface by one coating positively, and removed the 
.natural positive fluid from its op{>osing surface, by connecting 
the other coating with the insulating negative conductors of my 
machine. The from the charged surfaces was collected by 
two other insulated metallic coatings, to which were attaclied 
two metallic poles. On receiving the fluid through each hand« I 
was delighted to find an entirely novel physiological effect. . 
The seiisatidns produced by the electro-magnetic machine were 

Imitated. I proceeded to effect electro chemical decom- 
and obtained my flrst decomposition of water by this 
‘machine, (21) but the quantity of fluid in the ordinary electrical 
current being so exceedingly low, now induced me to take ad-Ja 
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vantage iii construction of 'the principles of the increasing bat- 
tery already described, (18 g, 22.) I procured six plates like the 
one in question (except the coating of sealing wax), ,see plate fig. 

1 , a a a a mounted them on an insulating axis, b. b. b. and applied 
twelve tnoveahle coatings, c. d. c. d. &c. as in the last described 
apparatus. The first coating was placed in connection by the 
iKfire p. with the positive couducto|^of the mac)}iine — its outer 
surface and coating d being iit communication by the wire h 
with the inner surface of tSe next plate at c, the disturbed 
natural fluid was given to the latter — ^and so on throughout the 
series. The last surface was also deprived of Its fluid by con- 
necting the wire n with the negativh conductors of the ma- 
chine. By this method, however, it was found that the 
expected accumulation of fluid cauld not be obtained,* the great 
distance of polarization required, on account of the thickness of 
the gt^s, being too much for tne powers of my electrical ma- 
chine, .9n<l I have since found that the greatest quantity is pro- 
duced by dividing the fluid from the ])riirie conductor, and 
charging in two situations in.stead of one. I now^ charge the 
inner surface of the first — and ti^t of the fourth w'ith positive 
fluid — and remove the fluid from the outer surface of the third 
and sixth by communication with the negative eonductors. The 
surfaces thus charged are, by rotation, brought round to the in- 
sulated coatings of the poles — all the positively charged surfaces 
by the medium of ffff being, in communication — and all the 
• negative also connected one to the other by the communicating 
wires g g g g* To each of these, the wire poles p p and n p are 
attached, and the increased current of fluid so obt^ned is trans- 
mitted thtough them to any object which it is intended to sub- 
ject to the action of the current. From its chemical effects, I 
have reason to believe that the fluid from the machine is by this 
means increased — (supposing that polarization has no direct 
influence in decomposition) — (26) to threefold its original 
amount. 

I have endeavoured, for some time, to procure rix plates 
of mica, of a sufficient magnitude, to eijter into the construction 
of a polarizing machine, which, from its extreme thinness, would, 
1 doubt not, augment prodigiously the amount of fluid in the 
current through the poles — ^probably 1 2 or even 24 plates might 
as easily and as perfectly be polarized as one-eighth their number 
of common window glass — and the fluid sc eliminated would also 
resemble rmteh more nearly (as before remarked) the fluid from a 
galvanic battery, both in tension, quantity, and . all other pro- 
perties, as described in the chart, (5). 

Sm, The method of receiving the electric fluid by moveable 
caatif^s, as at first adopted, when submitted to the test of 
chemical decomposition, was found to be as objectionable as the 
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use of the Le^rdeii |iir, and sparks, as exhibited m ray 
farmer p^per. The gas generated was found to be a mixture 
ot hydrogen and oxygen at each pole, but more nearly aproach* 
ing the galvanic decompositions — ^being at die negative pole 
ohty one^sixtU oxy^n anc^j^fis-JMsMs kydrof^en. This was readily 
accounted for. Once or twice in every turn ol the machine, a 
dMnct shock could be pereyved by its usual dict^nosHc-^iho stdr 
on the platina point — which Shock caused the eltminatimi, as 
before stated, of both hydrogen and oxygen at each pole. 

S6, I next collected my current at the origin of the positiye 
pole by needle points, aijd tl|p true electro chemical deeomposi* 
tion of water appeared now to be obtained, and whicdi has since 
been esUiiplishea. The appearances, when true decomposition 
is taking place are as in galvanism. •A constant stream of minate 
cquimagniludinoiis, bubbles, issuing from the positiye pol«.t/ton^ 
continuous thread-like current, the bubbles from the negative 
in double size or quantity, and there being in the positive cur- 
rent at no period an tncreased bubble, unless the: gas adheres 
to the termination of the pole. Still, occasionally an accumula- 
tion presented itself in the Ultrrent, and I determined at once 
to collect the fluid by means of the points (ffff, &c.,) in 
connexion with each individual surface, and thus prevent the 
occurrence of shock in the current altogether, since no pro- 
duction of pure hydrogen, at the negative, or of oxygen at die 
positive pole coidd ever be obtained, whilst shocks cimtinuecl; 
to make their appearanP^* 'I'his being eflected, 1 have now 
the satis^tion to state that, from the result of decomposition 
with this machine, the gas is obtained in a manner perfectly 
identical with galvanic decomposition. 

37* In conjunction with Mr. Sturgeon and Mr. Eaton Hodg- 
kiuson, on the 13th of October instant, I succeeded in obtain- 
ing by this means, in less than two hours' turning, a small bubble 
of about one-eighth of an inch in length in a tubular receiver. 
The gas arose from the negative pole from whence hydrogen 
arises in the voltaic arrangements, and in passing ten or twenty 
sparks ikro/agh it no dimaiution in the magnitude of the bubble was 
at alt effecisil, see (22). On adding a portion of afmmpheriomr 
to the same, (no oxygen being collected) and passing a spark, 
an immediate diminution in the volume ot* the gases was observed, 
ahewing evidently thh the former gas was pure hydrogen. At 
the Victoria Gallery, NTov. 18th, 1840, I passed Sparks through 
two or three pOTlions of gas (hydrogen) already obtained, and 
no diminution in the quantity could be perceived. On adding 
A pardon of oxygen from the other receiver, and passing a spark, 
the|pM instantly collapsed*. ItJs worthy of remark diat one 
mimm of gas exhibited at the Victoria Gallery, ane^dghlh of, an 
^ci’'ia>"kengtk in the tube receiver. Was produced in one hmr's 
turning by the aid of the rlrclt ical machine alone, I have reason 
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however, to doubt the purity of the gas in this case. There 
must have b^en a break iiU the currci^t, but none could be detect- 
ed, although a suspicious sound of exceedingly minute sparks 
was perceived and mercury connexions were not used through- 
out the circuit. When a decidedly unbroken c^ent is em- 
ployed generally double tips length uf time is rented t<i pro- 
duce this quantity of gas. llie reason of so rapd a formation 
of gas was, tliat a high pressure Meant engine, -was employed 
in turning the machine, which rWolved in consequence steadily, 
with about three times the rapidity that could have been effect^ 
by manual labour. This is indeed the most i^mple and least ex- 
pensive method by which these loqg, aqd otherwise tiresome and 
laborious experiments can be performed — and which 1 now adopt 
in all researches of this nature. — See Dr. Faraday's Srd series, 
(356). 

S8.^ now beg your attentiofi to the statements made by 
electricians, some of mhom have, it is said, produced decomposi- 
tion of water with ordinary electricity, identical with galvanic, 
in which separate gases are reported to nave been given off from 
the poles ; and I think you will ^ree with me, from facts which 
I shall shortly exhibit, and othdir already before you, that if we 
are to believe their statements, we must at the same time deny 
that identical decomposition could have been effected by the 
methods adopted. See also (11). Dr. Wollaston’s experiments 
were performed chiefly by sparks from the machine, and in one 
•instance, by current alone, with the fine thread of gold already 
described. But in the philosopher’s own words we have a can- 
did acknowledgment that the decomposition was not identical ; 
for, says he, in every way in which I have tried it, I observed 
that each wire gave both oxygen and hydrogen gas, instead of 
their being formed separately, as by the electric pile. Sir 
Humphrey Davy immersed a guarded platina ]>oint, chnnected 
with the machine, in distilled water, and dissipated the electri- 
city from the water into the air by moistened filaments of 
cotton.”-^ Dr. Faraday, note to 471, series 5.) Had two poles 
been used in this experiment there would have been some 
plausibility in the stated result, that oxygen and hydrogen were 
separately obtained. I find, indeed, that what appears to be 
true decomposition does occur where itoo guarded piles are em- 
ployed, and the negative terminating in a point imd dissipating 
the electricity info the atmosphere, but 1 also find that the 
quani^g of gas is by this means much less than when in 
c<mnexion with hath the positive and negative conductors; 
and fudging from the exceedingly small amount given off 
in this way, 1 should be inclined to disbelieve that the gas was 
obtaimad in, quantity sufficient to be tested m the usual manner. 
But to suppose that gas w<mld be eliminated from cotton fiia* 
ments, which, as we gather from the statement, formed the 
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negative pole, would he ve^ improbable. I should, ii^deed, 
from an experiment immediately to be related, (40,4S) d«mbt 
the reality of any appearance of hydrogen altogether. In 
the experiment of Mr. Barry, communicated in 1832 to 
the Royal ^ciety, it appears that he used two tubes, each 
having a wire within ft' passing through the eloseil end. 
as is usual for voltaic decompositions. Further on in his 
description we* find him suiting that the decompdsitton was 
performed by lightning, obtain^ by ah electrical kite, and that 
the intensity of the electricity was exhibited by the ** usual shacks 
on touching the string/* Now, to attempt to procure decompo- 
sition of water and deveilopnient of the gases by a wire of mo- 
derate dimensions, uncoat^, and exposed to the surrounding 
liquid tbrjits whole length, -merely with electricity, the shocks 
of which any human being could hndure, would be, accord- 
ing to all known results, utterly useless. .Nor is, % be- 
ne^, the statement of iBarry at all relied upon, see Dr. 
Faraday^ {^SSg, 340, 34 J, 342). Lastly, Dr. Faraday, 1833, 
in imitation of the experiments of Wollaston, says, (330) when 
what I consider the true efiect,ipgily was obtained, the quantity 
of gas given off was so small iflBt 1 could not ascertain whether 
it was as it ought to be, oxygen at one wire and hydrogen at 
the other.*’ '* The quantities were so small that on working the 
machine for half an hour^ f could not obtain at either pole a 
bubble of gas lafger than a small grain of sand. If the conclusion 
which I have drawn, (37?) (that the chemical power is in direct* 
proportion to the absolute quantity of electricity which passes), 
this ought to be the case.** We have, therefore, as it appears 
upon record, no authenticated case of true electro-chemical de- 
composition of water by frictional electricity. Dr. Faraday, 
after recording these statements, even doubts (366, S69) the 
possibility of any common electrical machine having as yet sup- 
plied electricity enough in a reasonable time to cause true de- 
composition, althou|^ the plate of the electrical machine with 
which he performed his experiments was fifty inches in diame- 
ter, and from which, according to his own statement, sparks of 
ten to fourteen inches in length could easily l>e drawn from the 
conductors, (see 19, 14). 

39 . It bad frequently occurred to me, that if the Union of the 
galvanic and ordinary ^electricities could be effected, so as to act 
in concert ip the decomposition of water, a perfect proof of 
identity might by this means be exhibited. For this purpose f 
eflps^ted decomimsition with a voltaic battery of ten or twelve 
jars, {couro^es de tasses) by the medium of the guarded platitia 
polttii i The formation of gas was cxcseedtngly The 

generated by no means esdi^eeded that decomposition 

l^kiae polarizing jplates with ordinary electricity. I then 
.aTtfftdged two wine glasses of disdlled water, in whidi four 
guarded poles were inserted (two in each) so that there should 
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be a galvanic and an ordinary electrical pole in each glass^ vi«,, 
a ve pole from the machine and a positi ve from the voltaic 

battery in one glass, a negative Orom the voltaic battery 'and a 
positive pole from the machine in the second glass. Knowing 
that the voltaic battery could effect no^ decomposition without m 
opposing pole, awl that the same mighVbe stated of the frictional 
pole% I believed that if this experiment should succeed, the 
final identity was perfectly est^li^ed. I’he experiment suc- 
ceeded, and gas was generated by each of the four poles. This 
occurred on the llJtb Sept^ber. But shortly afterwards I 
found that a similar effect might take place with the frictional 
fluid alone, from its exceedingly greab tension, the plates and 
fluid of the battery serving "to cwinect the poles of one wire glass 
with those of the other, and ♦bus decomposition might take place, 
(as it were») in one contindous current from the positive to the 
uegatw^ poles of the polariztnf^ machine. I afterwards found 
that by six poles thus arranged in the circuit, decomposition wen# 
on as well as it had done by two only. Such, indeed, is the 
tension (l7.b) of ordinary electricity, that it is difficult to say at 
what number of poles thus arranged it would effect decomposi- 
tion. The effect, indeed, seeme*to be heightened by increas- 
ing number of poles. 

40. Now by this time I v/as perfectly satisfied that a true de- 
composition of water was effected not only by the polarizing 
apparatus, but by the current alone from the electrical mjichine. 
Yet as some remarks are made by electricians objecting io the 
use of the guarded poles, I determined upoff attempting decom- 
position by unguarded ones. Dr. Faraday, for instance, states 
in a note to (p. 13.^) that the experiments of Sir H. Davy with 
Whllaston’s poles, do not remove any of the objections he has 
made to the use of Wollaston’s |ipparatiis as a test of true chemi- 
cal action. The objections are as above stated (328) — That the 
w^ater is decomposed at both poles, independently of each other.” 

That the poles have no mutual decomposing dependence, may 
be shoVvn by substituting a wire, or Xktejinser, for one of them, 
a change which does not at all interfere with the other, although 
it stops all action at t^chiinged pole and (337> thU the ef- 
fects with Wollaston*tr apparatus are probably resulting **from 
high temperature acting on minute portions of mailer,** or ^'co«- 
nected with results in air,*’ nitrogen b^ng able to combine 
directly with oxygen under the influence of the electric spark.” 

^ When shocks or Sparks are used in the decompodltioii, water 
probably may be decomposed by one pole independently of the 
other, or with no mutual decomposing dependence, there being 
an elimination of t^ombined gases, as before exhibited, (see now 
46), But where a perfect deebmposition is effected where oxygen 
alone is produced by one poje, to imagine that the hydrogen 
becomes annihilated, and decomposition still proceeding, would 
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be. HjgHly unphil^phiGaK In imitating the related experiments 
of Sir Pevy, 1 foundj moreover^ that a thick wire substituted 
in the |>lace etf* one pple does not prevent decompoaitton at Che 
rt^iunii^ pole, and that gas is eliminaied in just the same thread^- 
iijge stream as before^ 1 found also that by connecting the thick 
wrire with the ground, «A imitation of fearry’s experiment, a 
similar current of gas was still obtained ; and yet wme made its 
appearance upon the wire*<*substituted for the guarded pole — 
oxygen being generated and hyJrogen not makitig Us appmrance, 

41. Having fortunately in reserve twa hammered pUtiina 
poles (31) rendered exceedingly fine, which were constructed 
for decomposition, and without any glass or other eoaiiny l^pon 
them* 1 pSSsed the point of one anxiously yet slowly l^neath 
the surface of the watet, and whan about the eighth of an 
indi immersed, 1 had the satisfactionHo behold the same speedily 
covered with minute bubbles — the decomposition procee<£ng as 
usual at the guarded pole during the whole period. 1 speedily 
removed the guarded pole from its electrical connections — and 
substituted a second unguarded pole of a similar magnitude, 
and on turning the machine for a very short period, both poles 
were entirely covered with gas^ the negalim in about tfvo^fold 
quantity — and thus a decomposition of water was effected per- 
fectly identical with galvanism^d that from the prime conductor 
of the machine alone, and subject to no oljections of electricians 
on the ground of the metal being coated with non-conducting ma** 
terial^ (see noW 49). 

4^ With these poles I have also decomposed sulphate of cop- 
per by current from the machine alone — ^metallic copper ap- 
peared at the negative i>ole which may also be observed now 
upon the same— and gas (which I suppose to have been oxygen) 
was given off continually l^om the positive — and none from the 
negative pole. 

43. It is not,, therefore, difficult to suppose that in the sub- 
stitution of a thick wire; the dnger, or filaments of cotton, for the 
guarded pole, pat tides or atomic portions of hydrogen might be 
eemtiimgll^.belng deposited upon the surface oj the latter, and yet 
not visi^ to tl:^ naked eye. For takinggnto consideration the 
length .of time required for' the deposition of bubbles upon the 
minute unguarded platina pole — whose thickness is but the Q^Otk 
pact of an inch, length immersed one-eigih, and total breadth 
one inch, it seemed prob&le that the length of time 

Tecpxivel^0b render bubbles visible to the naked eye, or seen « 
tlirougn a microscope upon the whole surface of an unprepared 
wim, {see now 47, 48, &c.) the finger, 3ce.# might occupy a 
notl^fl^^vable period. The same reasoning would luso, 1 believe, 
eemaUy to any other conducting body which might be in- 
troduced for the purpose of forming a negative pole, w convey- 
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ing away the electric fhiid (if the formation of gas at the opposing 
pole still reraam unaltered), and it is worthy of remark that with- 
out some conducting material no decomposition takes place at alia 
shewing ^at there is at least aome mutual decomposing dependence. 
{AC). 

44. By diminishing the powers of the voltaic battery we fiild 
perfectly identical results, (a). Thus, if a syphon be inter- 
posed between the vessels in which |* small galvanic pair of zinc 
and dSpper wire is introduced, mr a long column of acidulated 
water between the copper and the zinc by employing a thick 
copper wire, ten or twenty minutes is required he/ore any 
bubbles make their appearance , especially if it be immersed the 
depth of an inch or two, (Jb). Und^ such circumstances it 
would not be improbable alter waiting ten minutes or a quarter 
of an hour and no bubbles^ making their appearaned^ that an 
electrician might give up the ^periment, imagining that de- 
comp<Cition was not taking place at all, (c). But with a mo- 
derately fine platina wire, or the unguarded platina pole, (41) 
gas is generated and makes it appearance immediately, (d) Now 
anyindi vidual seeing this voltaic decomposition or that of theF.E* 
(41), with the same unguarded pole, I am sure would be utterly 
unable to point out any difference, (e) F rom these and other facts 
I have been led to conclude that in many electrical experiments, 
where a current appears to circulate through a given amount of 
water, no current really passes, but decomposition takes place 
upon the whole or part of the surface of the conducting bodies, 
the nahtral electric Jiuid of the water, affording to them a sufficient 
supply to cause the re-appearance of the current at the same — 
ancl which decomposition may not be cognizable on account of 
the time required to render it apparent to the senses ; at all 
events tlie line of demarcation is not yet laid down, upon what 
quantity off metallie surface electro-cAemical decomposition is 
effected by ordinary electricity and n kcre is not. 

45. If we now refer to the chart (5.) we shall find a remark- 
able coincidence between the properties of ordinary electricity 
during decomposition, and the characters of ^ the galvanic fluid, 
taking into cunsideration the effects o^ the clectrical||||||tachine 
alone— since, as has bqpn already demonstrated, perfeSly iden- 
tical decomposition can by it, under given restrictions, be 
effected. 1st, We have now a continuous current f both by 
the polarizing machine and by the ordinary smethod. 2nd. That 
the currents have a mutual attraction for each other, and the 
poleSf consequently a mutual decomposifig dependency, (%i addi- 
tion to what has already been stated,) is admirably exhibitesd in 
the following manner : — I»et the positive condmior of the 
mnebine be in conducting communication with the building, 
floor, table, or even with the gas pipes of the town, the " rfw- 
chatging iraUC* of Dr. Faraday, and by which, as is supposed, 
all electrical effects are annihilated ; let the negative conductors 

* F. £. means frictional electricity, and G. E. galvanic electricitv. 
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also be in conducting communication with any other part o<* the 
building not in connection with the latter, and yet decompaei^ 
tion skaU ^till proceed at the decomposing apparatus* Thepem^ 
Uve conductor may even be directly connected with the negatw, 
providing the lacquer of the same intervene and decomposition 
will be unaffected. By ^this latter experiment we produce 
perfect agreement in character with the galvanic fluids the tenr 
sion or passing distance wiijiin the circuit you observe is aUmic 
or thereabout^although tins m^clune willfpve s^hs 

or more when no decomposition is taking places— (see %) — 
I should say indeed^ that the Jiutd under these circumstances is 
Galvanic, not ordinary electricity* 4. Inconductible by water 
when decomposing (44t e) 5. No one would doubt at all the 
diminished potcers in attraction and repulsUm whet| not a spark 
can be obtained. Light bodies (pith balls, &c.) may be held 
indeed in the vicinity of the conducting wires or attached to 
them without any exhibition *'of attraction or repulsion# 6. 
Physiological effects only by making and breaking contact, 
powerful or not, according to the tensive force* 7* I have iust 
shewn you that F* B. does not require insulation more auui 
G. B. 8. I have reduced the quantity of the voltaic current 
to little more than that of an electrical machine* 9* And lastly 
as long as the fluid is incapable of passing at aU to any body out 
of the circuit, we cannot expect any accumulation, mare than by 
galvanic arrangements. As to tlie number 10 we haye already 
i^wn to what modification it belmigs. 

46« Not being perfiectly satisfied whether the poles would 
effect decomposition by shocks (40) separately, or without any 
mutual action : 1 placed two guarded poles in separate wine 
glasses, filled with distilled water, one being in connection with 
the inner coating, and the other with the outside of an insulated 
Leyden jar. It did not appear impossible that the two oppositely 
electrical conditions (S?) of each pole, might be the means of 
eliminating oxygen and hydrogen in each vessel independently 
of the other. Upon atteiqpting to pass shocks, no effect at all 
could be produced, and not the slightest trace of gas observed. 
Upon im|pting the*en4s of a copper wire in the glasses to form 
a comnnmicatton, decoifipositlon instantlj^ proceeded, visibly at 
the guarded poles, which could not occm accoirdiog to any 
knowledged principle, unless the copper wire acted die part of 
a pole in each glass.-^This experiment by b^ng prolonged led 
me to die following : — * 

47* A piepe of copper (bell) wire beuig inserted in distiiled 
uffkog in which a gumed pole was placed, by passiiiga niimber 
of slight d&opAc shocks through the same^(as above) in fifteen 
or tirenty minutes tunnng. Urn cqppurmre iUeff became eonercd 
wHh biAblss of gas, decomposition proceeding at the guarded 
pehli M. nsiial, (40.48). The same also occurred by die agency 
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of the otfcrrent alone. Thereaulta of this'eitp^mont apfiki'eiitly 
90 contradictory of thiat in which the guards pole of too great 
nfagtiitnde {tH} Was"* employed ; where decompoeitton could 
not be eflTected" by ^latina wire reduced to a moderately fine 
point (and which 1 have frequently a^mpted with similar'rh- 
aults) induced me to believe that the decompoiing edect wa« 
due fo the agency of the guardfed yoie^ and 40 led me 

to the foilowEtig conihisloii whidb I believe will stiti remam 
correct. 

4 ^ By the uae of the guarded poles^ or indeed aug which per. 
se. are capable of effecting aqueous dei^mposition^ the ordinary 
electricity appears to be placed (with the exception of ali^tly 
encreased tension) ( 17 * 6 yinthe entire condition%f thq galvanic 
fi utd. Hemote polarization* ( 1 3. 1 4) is by this means exchanged 
for atqpiic ^5). Its expansive state reduced to the conc^tr^d 
(I7.C) tension exchanged for intensity,’ or quantity in a given 
amount of matter. 

49 . Entertaining this view of the subject I arrai^ed ^ree 
wine glasses A. B. C. ffg* 2, filled with disttllcd water, so as to 
form a line between the wire soldered to the positive conductor, 
and that proceeding in tlie same manner from the negative. 
Into A I inserted a guarded pole g in connection by a mercury 
cup with the positive wire. In C I also placed a second guar* 
ded pole g. The view 1 had taken (48) led me to conclude that 
if the positive, and negative currents were introduced by poles 
capable of effecting decomposition, the fiuid being thus placed 
in the condition of galvanic, whatever might be the nature of 
the intervening poles, if capable of decomposing by galvanism, 
they would also perform the same by this means, provided that 
a sufficient quantity of electric fiuid was supplied by the introduc- 
ing poles. Two common platina wires e. f. (the latter of consider- 
ate thickness) were bent at right angles at their extremities, and 
placed in a line between the guarded poles — their terminations 
being inserted about one-eighth of an inch below the surface of 
the in the glasses, and a slight distance from e^gh, other 

and Se guarded poles-^ne end of e being gi A, thiMpposite 
in B, — one termination of f in B, the opposite in C. turn- 
ing the machine for about ^ve miniUes, very minute hubbies 
began to make their appearance on the inserted terminatUm of 
each wire* In from ten to twenty minuis, very oonsiderable 
bubbles were formed, as visible and distinct as in any galvanic 
decpmpositioTi, which* also commenced ascending from the sur- 
face of the wires. Thus we have a perfect decomposition of 
wate*^ hy the current alone, eflTected in the central glass B, by 
tmo^U%prepared and mAtrately thick ptedina mires, as truly as 
hy y^veSnie agsnty^ 

t next aWatiged a piece of copper bell wire between B and C 
instead of the wire f. Decomposition became visible by the 
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this also, h\xt from its nmgtiitcide 
requ^liig Ik lang«r period of turning. (Bee. 

' 6to. 1 ndw proceed to introduce thd currents irtto tlie 
A and C, without any guaVded pole whatever. lu 
ilL> a thin copper wire •^ae iiisieril^ about ofiilscaghth of an 
Srt rihj in connexion with || 06 itive conductor. Fronji to 
B one of the ^rtner platitti»%vires e, andb|tween B and C, the 
other f inserted as formerly. The pole fronfif we negative ntercurjr 
cup being a thick bell wire> inserted about the sanie depth. In 
two minutes and a kslj, gas mas evident upon eoefy termmaiim, 
especially upon ihfi C sn4pff This experiment is exGeedtn|(ly 
remarkable when contrasted with the attempt at decomposition 
by gM»rd^i polbs <26*) " 

5} : Having observed so unexpected andeapid decompositimi 
in the last; I determa^i^ . to Attempt the expiu'itnent two 
thidk unguarded wirest inserted in a single wineglass* 1 piaced 
about one-eighth of an inch of each of the copper (bell wire) 
poles procseeding from the posidve and negative conductors of 
the electrical machine in distilled water. Jn three (the 

revidolkiiis of the cylinder being about 60 per minute) one or 
two hubbies mamfested themseloes upon the tenmnation of meh 
wire, and bp ths microscope^^sumllsn onescosdd he seen alipmr the 
imeried surface of each In Jim minutes disfind bubhies were 
seen by the nahed eye, upon oil parts of the wires below the 
watert assuming a frosts oppeOroace»and about double the quan- 
upon the negative pole. In half an hour the covering, 
etpectally of tlie negative pole, mipkt be seen at the distance of 
two yards, and as tkir an electro-chemical eifret, as is ever 
observed by voltaic electricity. * ‘ 

January 6tk, 1841. 


Hesearei^ im the nbiure*of the Odour which becomes manifisted 
darifig certain Chemical actions^ By M. Schoenbein^ in a 
iett^ to M. Arago.*" 

^The very .interesting notions which you have made known 
in the j4«mwoire for 1838, encourage ide to communicate to you 
tto ^dlts of some researches which I have lately made on the 
l3ie odour named electHc* 

years ago, I was struck with ^e 
whiili exjbis between the odour which is when 

oiitfkiaiy electricity passes from the points of a condukor to the 

* Compfrs Jiniduii, May Ith, 1840. 
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surroun^i^ itfeiisb i# whUet wai«r is 

decomp^^siiig 1^ » voltaic ’cwrraat. ; . ,, 

After having made many imeilhetMal experimaits for the 
ptirpose oi discovering the, connexion w^jbich exis^ between the 
two above mentioned phenomena, finally arrived* not at* a 
complete solution ef ihe problem, but at a ^iu^, from lyhich 
one may get e glinAl>ae at the true ^^tise me^el^ric odpur* 
The facts which relc^te to this sftbje^ are the following r— 

1st,' The phosphoric odour developed during ihe electro- 
liaalimi of water is disengaged at the posHive electiwde only. 

The disengagemcait of the odoatous principle depends 
— (ist) on the chemical nature of the substance employed by 
the positive electrode: (3nd) on the chemied eonslituttoa 
the ^eetrolytic fluid placdd between the electrodi^ : (Srd) on 
the temperature of that fluid* *A9 to Ap first cemdition I have 
found that, of all the metals, g^d» add platinum are the only 
ones that permit of the disengagement the peculiar odour. 
The more easily oxidable metallic substances do not develope 
the least trace of it, neither* does carbon, which is. also a go^ 
conductor of electricity.' With regard to the connexion that 
exists between the chemical constitution of the electrolytic 
fluids and their facility oi disengaging the odourous principle, 
my experiments have demmistrated the foUowing:r*-Tl)e electric 
odour Is developed at the positive electrode, when the fluid 
consists of distilled water mixed with sulffouric acid, phosphoric 
acid> nitric acid, or potassa, or widi a variety of oxy-salt^ 
The odour Is not observed when the water cemtains chlorides, 
bromides, iodides, fluorides, proto-sulpliate of iron, or any 
of those substances which eagerly combine with oxygem .^he 
disengagement of the odourous principle does not occur if any 
of the first mention^ fluids are mixed with small quantities of 
proto-sulphaie of iron, or with nitrous acid, or with any sub- 
stance whose affinity for oxygen is very great. The fluids 
which develope the electric odour abundantly at a low temper- 
ature, do not disengage it when heated to ebulition. It 
sometimes hap|>ens that the odour is not in Ae least manifested, 
although the 'curcumstances connected with the operation would 
lead us to expect a contrary result. Such cases are jmost 
frequent when the fluid employed is an aqueous solution of 
.potassa. There are some reasons to belidVe that the diaengs^e- 
ment of odcHirous principle is impeded by Ae impurities 
d£|Kisited on the positive electrode. Accx>rding to my experi- 
ments, the odourous principle is obtained most^ abundantly 
when the ele^olitic fluid consists of water mixed with a sixth 
|^,.''dT,|ttlpilifiric ac^d/'' • ‘ ' 

^rd. . Ilie odo^^^ substance disengi^^ at the positive 
electrode may be CHin fined and preserved' in well corJeed bottles. 
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; . flwh coftUif^ ^ ocl^ferou# principle 

(mi:iwi[d With oxv^n) we orop iiL m pulvenz^ 

or. ^ iwiu t>i8mujtih« air^lc, anti* 

mbny, or a few drops of inerc]Ury, or of nitric acid, or of a 
BoJutioQ of proto-sulphate of iron^ or the proto-chlpride of tin, 
dr d^TiTOn, the elCctnfc ode%r is almoat inst^ly delayed. At 
ingh temperatures, gold aqd platinum prddhce the ede^^ 

When Vd Immerse, Ibrnome m^en^ In the dash 
containinjg the oqorific principle, with dicyjg^), a plate 

of g«dd or of ydiitin^^ whose simaCe ii very dry, clean and 
^ pihtt becdihes eledbrd-negative ; &at is to sa.y/ Jt 
dt^ufr^s the fkculty of pfoducmg an electric cuihreni to which 
it serves as a negative electrode. In other terms, a plate of 
pia^nm treated in the manner described, constitutes^' with a 
similar piece of the san^e metal in ii:s ordinary state, a voltaic 
eiement. This elmnenm such* that the current #liich If pro- 
duces, proceeds from the*%rdinary platinum to traverse the 
liquid to the plate modified by the odori lie principle. 1 call 
this extraordinary oimdition of the platinum plate, negative 
polarity* The metals which are easily oxidable, do not 
polarize negatively by the treatm^t I have just mentioned. I 
nave demonstratea, about five years ago, that the precious 
metals acquire negadve polmty by being immersed for a few 
moments in an atmosphere of chlorine, or of bromine. 

6th. The Stajie of negUtivO polarity is not developed either in 
gold hr m platinum, or in any metal whatever when these 
bodies are placed in a fiaslc in which the electric odour lias 
btei destroyed by the means above mentioned. 

The negative polarity of platinum is destroyed wdien 
suspended for a few moments in an atmosphere of hydrogen. 
Platinum negatively polarized by the mfiuHnce of chlorine, or 
of bromine, resumes its ordinary state when suspended in hy- 
drogen. We also obtain the same result by heating to redness 
the polarized metal. 

On the Pf^mneua of Poiflrizaiion, and on (he Odour produced 
By Ordinary PleclTtctiy, 

6th. Wlicn u plate of platinum or of gold, whose sUrlht^ is 
very dry, cle^^ arid c«ld, and communicates with the' eatlh, is 
exposed to the action of ordinary ek^ctriolty proceeding froih a 
l^unted wire attached to the prime cbnductdir of the machine, 
ariil wheil Ais exposure is accomplished in bu<^ a manner fhut 
Hie the plate is situatoa at a ptUper distant to reedye 

the the platinum Ur. the gold' hegadtm 

pdWMr. :-1!liis peeuUar state is instifiedtately destreyecl by sUb- 
iiilWtg liiade nietals to the action of hydfogiit # wbent. 



Ill 


By M< Bdioeisbe^ii* 

9th. The geld oi Hie pktlimih b«fing attadjed to the pitiiie 
conddl^h::^ eft ptnkts^ ^ db not acq^nlre the negative 

polarity, tibe electricity is yiery pewei^ly di^harged 

fVom them. 

lOth. Tbc^ metals, which are easilg^ oxid^aed^ do.not become 
polajiaed by m?db»«<7 electricity. ♦ ■ . . ^ 

11th.. The elactric brushes lose their pol^aing forced 
also their pho^hmc odour^ when the points irom which they 
proceed are enclosed in a piece of linen cloth steeped in distilled 
water, or in saline or acid solution. We also obtain the same 
edect by Imating considerably the points of emissUhi of the 
prime conductor. 

There are other &ct8 in connection with the phenomena of 
voitaic polarisation, which *"! shall not here meitrion, because a 
memOtr to which all tny observadons on^is subject is consigned, 
will very shortly appear in the B^hHoiMque Unimraelle, 

Before concluding my letter permit me to draw $ome conclu- 
sions from the facts that I have hitherto stated. ' 

1 . The phosphorous odour disengaged during the electroly- 
zation of water is due to the same gaseous substance which k 
developed at the metallic points by ordinary electricity, whether 
that electricity be positive or negative. 

With respect to its voitaic action, the odoriferous principle 
is absolutely similar to chlorine and bromine. With regard to 
its chemical properties, there exists a strong analogy between 
the odourous substance and the bodies which I have just now 
mentioned. 

3. The odorous principle is chemically combined with hydro- 
gen, and in that state of combination it is found disused, either 
in water or in the atmosphere. 

4. This compound, like water, is an electrolytic body. 

5. The electric .odour is manifested when this compound is 
electrolyzed, and its electro negative element set at liberty. 

' 6. As the electric brushes,and also lightning, constitute a real 
electric current ; and that the compound, of which I have 
spoken all this time, is distributed throughout the atmospheric 
air, it becomes obvious that the odourou^ principle must bp set 
at liberty every time that lightning traverses the atmosphere ; 
thst is to say, the ^peculiar odour must be developed. I have 
dbaftwed that the odour of this principle is pungent when the 
latter is very concentrated, and that it has much* the reseni- 
bhmee cf the odour of phosphorous when that substance is 
mixed with mudb atmospheric air. This circumstaftce explauis 
perfectly^ riie of opinion respectiiig the nature of the 

odour pi^uced by lightning. 



IIS Qm Ei^irtU^pe 

Being IdnioBt: oertsiin fckat the' odourom principle ahould ^ 
oUieaed m tliei genera of bodies to whieh ehlorin^ an^ bro- 
muie ; that is to aay» amongst the elementat’y 

and hologeneous substances, I profmse togive ihe 
As convinced that tl^is body is always disengi^ged in the 

air m sufficiently notabid qumitities during stormy Weather^ 
I propose to make 'a serio| of experiments^ diirin^ this 
for the pmrpole W rendering, qgident the" prsaenoS of ostone 
in the atmosphere. With that iriew I Shan jdaee plates of 
platihum in situStions aufhciently ^evslted, taking care that they 
communicate with the earth, ’llns metal acquiring negative 
polaii^ from the odourons principle, we rimy eoticdude that tlie 
otone is developed as soon as the platinum becomes negatively 
polar* l^lris kind of meterological experiments I consider sui^ 
fidondy interesting to undertaken* every wh^re ; and 1 claxo' 

vmitnre to engage you |||; mak^ similar experiments at tlA^ oli- 
servatory for die purpdSe of Verifying the Hf^ative polarity 
which platinum acquires by the ' influence of oesuc. I use a 
galvanometer in which the wire forms two thousand turns, and 
in which is placed an astiiie magnetic needle. 

f cannot conclude my observations without informing you 
diat, 1 am, in a great measure, indebted to the truly admirable 
pile of M. Grove, for the results w hich I have related : that is 
to say, to a pile of which the dimensions are very small, but 
whicti, nevertheless, gave off fifteen cubic inches of detonating 
gas, (oxygen and hydrogen from the decomposition of acidu- 
larisd water) per minute. 


On the Formation of ELectro^Type Piatejs, independently of any 
Engraving, by M. P. Moyle, Esq., 'in 'a letter 'to Mr. 
Sturgeon. 

^ Hefefon, January 1841* 

Sir, 


In forwardiiig to you the electrotype plates, repre^mnUng a 
vkswmf St. Midkaers Mount m Cornwall, &c., it may be^derir* 
ahle|i» aeocisttpany it wHh a brief description fk the apparatus 
imd manifestatimis requisite for a correct perfioimance i*f the 
pmcess. 

On a highly polished brass plate of the required size, in ihe 

pii ea eiit 4net&ioe> sketched die view With a carhmfm 
ahd^tdiBitiile bTa<^ ml paint, and allowed it to become peiircdjr 
dty didhard ; it was then polished with a Iktfe^epared chalk 
&tm ihdliafeid^ and which appeared to be Wecessaiy to remove 
aify stdlnstm'ihe brass, arising from the flhgem, btMh, Ac. &c. 



Ek^ir^j^pe Plafeg. ilS 

When ihus prapareil, it .was f^Uced on a copp«ae jj^hite about atie 
inch la^g^ than the b^4Ss.one, and it was cemcH^ad to the cop« 
per around at ip» mge by bees^wme. Tb0 cappisr plate had 
two handles turned up at rightangle$> as at a^ 
in marglEij About <nie inich in width, to^cora*^ 
niunicate with the tambourines, (to beMes* 
crib0d\ The cbpi^ |]late tc^ether with 
the painted brass one, is then dapnaited in 
a glased earthen vesadi, (a foot tub in my 
case) atid a perfectly clear and saturated 
solution of sulphate of copj^ formed mi it 
to the depth of three mr four inches; a trian- 
gular wocKlen frame with glass legs cemen- 
ted to the wood, as in fig. b, is tl^n placed over the copper plate. 
Two tambourines, made sihlply by stretching smne pardiment 
or bladder over hoops and then this triangular frame. 

ln|o these are placed a piece or amal^materl sine, separated 
from the parchment by a few pieces of glass tubing, and on the 
zinc and in contact with it, is placed another piece of copper 
with a handle also at right angles, and which is to be brought in 
direct contact with that of the first named copper plate, and 
bound together with a thumb ^crew : — into each of these tam- 
bourines is placed water acidulated with sulphuric acid, in the 
proportion of one of acid per cent. Galvanic actions instantly 
commence, and copper from its solution became quickly de- 
pasited*oti the brass plate, and all other metallic surfaces not 
protected by bees-wax or some other coating. A muslin bag 
containing crystals of the sulphate of copper, muat be kept sus- 
pended in the solution to supply the waste accruing from deposi- 
tion, and if this is not carefully attended to, the copper becomes 
deposited in a coarse brown and nun crystalline state, and con- 
sequently greatly detrimental to the process. 

The more perfect the connexion of the back of the brass plate 
to the copper plate on which- it is fixed, the more regular will 
be the growth of the electrotype plate ; and this ^necessary re- 
gularity of depoution is much &cilitated by having the* two 
handles above named, to the copper plifte, and having two tam- 
bourines for the generation of we gsdvanic infiuence, and thus 
forming two elemric currents instead of one, mostciommonly in 
use ; and even tfi the latter case, the twp handles are of the 
greatest use for causing r^ularity of depc^it, by alternately 
chaOj^g the connexion wiui the tambourines as it may be 
foui^ r^uisite. 

Tim greater the degree of pohs^ the j^ate to bb deposited 
fimar lA ftnm mh wax, dfc., the I have found 

the limilfty of the s^pmntton of the two. The diluted acid in 
the tambmirines require to be renewed daily, and I found firoin 
six to eight days quite sufficient for the deposition of the copper 
plate, one-eighth of an inch in thicli^ess. 
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Tills Willie liiediod 1 find far siiperuir to tho suirpeiisioii of 
the plKCe flNei^iidicularly in the aplation add subject to, the 
galvaw ^^e^ dsstn any other kind of battery, although it 
d^not be denied that it may by such means be much , more 
qdii^ly deposited. 

It may not be irrevalentjto the subject to stsate in this pli^ 
that 1 have fanned many ah useful and omamentdl article, in 
beautifully crystallized copper,* such as vases, tea kettle, cups, 
bottles, ^so dne tubes, and a variety <3^ other ; 

the first by first moulding the artide in wax, and then covenng 
it with Dutch metfLl, to ^ve it a metallic surface, and afterwards 
melting out the wax tubes, by depositing on iron wires, ' &c. 
Similar tj^gs I have accomplished in silver, firom the solution 
of the nitrate giving the articles the most beautiftilly embossed 
appearance ; and it is very evident that gold, plalina, 

&c,, may be acted on iii a similar manner, from their respective 
solutions. It is but proper that I should here acknowledge that 
several hints respecting these latter perfofmanoes J received 
from Mr. Jordan, the late Secretary to the Cornwall Pdytecnic 
Society. 

To preserve the beautifully embossed appearance of the ar- 
ticle, It should be well washed in a strong solution of die 
bitartrate of potash, which will lemove the acid adhering to the 
surface of the plate, or article. 

The specimens now sent convince me, and I think it will 
also others, that the finest productions of the art of engraving 
may be in this manner accomplished. I am now preparing one 
cm a much larger scale, and with a different preparation of paint, 
and with which I find that I can produce much finer lines on 
the plate than 1 have hitherto been able to executed In the in- 
stance here alluded to, the brass plate is first rubbed over with a 
very small portion of almond oil, and after two or three days it 
takes the paint with great facility. 

Believe me. Sir, 

Yours, faithfully, 

M. P. MOYLE. 

Mr. Moyle has been bind enongh to faroar ub with two of bit 
type from whiob printo will be teen at the end of tbiS miinber. 

We beliere they are the first of the hind that hare been made in' this 
eoantry. — filntT. , 


Pha Second Lecture on the Nutrition of Planit ; Delivered by 
J. A* Hansomr, Esq., Lecturer on Burgery, ftc«, at the Eoyal 
School ^ Medicine, &c., Pine^street, at the CcnvmMone 
^ at the Boyal Victoria GaBery of Practical Schmoe, 
l^^ister, on the 5S4th December, 1840. '^v 

Mr. Itan^me commenced by stating, that ai the last meetiig, 
In introducing the subject of vegetable and animal nutrition, he 
had alluded in general terms to the nature of the materials em- 
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By Mi*. J. A. Hansoine. 

ployed as aliments, or as engaged in the first processes of 
nutrition. ^ He had remarked, that man, altliongh an omnivor- 
ous asiimah 'vras yet ultimately dependent upon the vegetable 
nutriment ; far the fiesh meat lie took as food 
deiced its nutriment from the vegetable creation ; so that man 
is dependent, directly or indirectly, upon the veg^hle king- 
dom^ lor the mat^ials which constitute the aliment ^om, which 
^s own fratpe is to lie formed. Thiif then> led to,the coh^dera- 
tiqp of the .materials composing the vegetable kingdom ; and he 
had shown^ experimentally, that a simple vegetable product— 
sugar-*^HX>ntained tliree elements in a state of combination, car- 
bon, oxygen, and hydrogen, which were the three principal 
elements entering into the composition*6f vegetables* But he 
had prepared them to look for other elements, in order to com- 
plete the series. They ne:s;^ considered fVom what soufces these 
re^e^tive elements were derive^ ; and after a short review of 
the notion that carbon, their principal constituent was derived 
from humus, or, as it was also called humin, or humic acid, he 
had ventured, on the authority of Professor Liel^, the celebra- 
ted Gentian demist, to show that much doubt ffight be enter- 
tained On this subject, and that it was more reasonable to 
suppose,, that, instep of carbcn being derived fVom humus, it 
was derived from one of the constituents of the atmosphere, for 
carbonic acid was found to constitute one-thousandth part of the 
weight of the air. From experiments which bore some analogy 
to the process of vegetation, he had shown that a much greater 
weight was taken up by chemical substances, having an affinity 
for carbonic acid, than was required for plants growing in the 
same surface in the same time ; without denying the use of 
humus, or the ingredient constituting vegetable mould, whie^ 
exists in almost all good soils. In connexion with the subject, 
he had shown, that, if we examine the constitution of plants, we 
shall find almost eveVy one of their elements, such as woody 
fibre (li&nin J, starch, sugar, tannic and tartadc acids, and the 
essential oils, contain less oxygen than carbonic add, with which 
the air famishes them ; and consequently, that, in the act of 
taking them in,*oxygen must be given out. He had mentioned 
this, in reference to the main question— the maintenance of the 
purity of the atmosphere ; for if we suppose, from the re^ra- 
tion of man and animals, and the combustion of immense 
quantities of carbonaceous matter (amounting, perhaps, to thou- 
sands of tons in this town alone), that the quantity of carbon in 
the atenosphere had gone on increasing, and that of oxygen de- 
creasing, and that thus, after a given time,, the materials of which 
thn^jllmn^bere is composed would become unfit fdr«the support 
oCJtfe?*r^W^«hp»ld see that, by this beautiful arraMement, the 
deramposition of carbonic add, and the giving out ofoxygm, the 
purity qf |he air was constantly maintained ; and that the di 
rectloii gfven to the winds by difierent temperatures also tended 
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to mmiy as wolk m the tfemiperalttre of the eir 

tht^jpo^ ^-(^bbe. He hed shomM, liiat we need lo^ 

veiyw Ibr tiM hy&et^m mdi oxyg^, vmmulg^ n» 

c^gtaLwa^t be talten m luie coiitli^ the e|r^ >4e m||^ 
as^ e&netititeiit of water^'io laombihi^j^ 
byllragen is neceeserKy tikm In from, tbe water h 
etokdaii^ ^evtded MaoliSr boUi is egio «od bi 

which occar in l^e ebeeiKaSlaf ^ ^ ^ i 

We will now (contii^^ Mr; lUiMOiiil) 
den^iioii wlmt other ma^rii^s are Ibuilid tO he’cot^ned to 
plants, md, in fact, found to be essential to' Iheir 
But we hate still Qiie«otlier substance to riulic wl^ thdae 
already couMdered,— nitri^eh or aaotej» the fourth 
element of plants. Some aie dtsfki^ to thini, ttiat tli^'does 
not enter^matefifllly into the compo^on of a p&ht, e^Oept >n 
the case some pcusonous plants, or those which jpssCss 
Strong medicinal qualities ; but a fbw Words only kte hefoeSsary 
to show, diati unless plants did contain this element, animafs 
could not derMlb mudh nutriment from them. It has long been 
known, that, if dc^ are fed upon pure sugar, wmdi is 
acknowledged to be nutritive when mixed with other things, 
they fidl into a kind of consumption, lose flesh and strength, 
and ultimately die with s 3 rmptoms of emadation and decline. 
Sugar is one of those substances which contains no axote or 
idtrogen. On the other hand, we have whole tribes of men 
and animals ndio live upon nothing but vegetables : yet the 
b«dk of their muscle or flesh contains a large proportion of 
aiote. Whence can that be derived, unless the food diey take 
flUntains a large pcwtion of it, or we consider man as possessing 
^ power to assimilate the gaseous elements around him P But 
the fact is, they do not take in exote from the atmoiphere, and 
they would die unless they were provided with something as 
an aliment containing axote. We shall see, that, although 
sug^r and starch ekbt in the leaves of plants, yet eveiy partide 
is surrounded by a thin lamina, of a substance which contains 
aaike ; and it is owing to this that many changes take placid 
spontaneously, or by means of the root. The simple operation 
of fenseittattqn takes place from the gluten, which contains a 
qmmtiQr of axote, reacting upon the sugar which it invests ; 
asid we ^11 see many instances in which chemical c^n^s am 
thspugh tfa^ instrumentality of the azotous principle 
accompanies the other more truly Vegetalife' 

A lB!Oi%tttation was made by Bousmngtiali a French 6h^st, 
h^ captains ope hundredth part of Its wei^t dt aXqte. 
we see the source of the mitrim^t of Ibd bn 
l^beat conl^ns even a lat|^ quantity ;'a%" tn 
the ‘nutritious quality of me wheat, shall we flhfl the 
gSeatf^ 4psimtfty of azote. And tipmi this dej^fls the prictidil 
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wm, m omer to get a fair jpopprtion oC this priiiciplej 
they have to take a larger quantity of food# It U suogular 
eiioiigh> that one of the articles In daily use in ^miU^ 
shouM he a substance contakung a large (|iiaiidty otasote^vla# 
co^e^ The caf^ine or active principle of cofiTee, contains 
more azote than almost any other vegetable body. I was in' 
hopes to have exhibited bemre you this evening a fbw proofs that 
some plants contain azote: but unfortunate^ it hm vary 
intractable qualities; and^ though k would put out a. lights it 
would not display any very active properties. The .form in 
which it is best known in combination is diat of ammonia^ or 
the gas which is the pungent element of the salts ^contain^ in 
the smelling bottle. Ammonia is known to contain a certain 
proportion of azote^ represented by the formula N. Ha, or one 
l>roportion of nitrogen or azote, with three proportions o£ 
fiyclrogpn ; and these two, combined in these propoitMW, 
constitute ammoniacal gas. This gas is formed under mtmy 
circumstances, in. the decomposition of v^etable and animal 
substances, and in the elimination of hydr^en; and dieretoe 
we may naturally expect, that, from the immense masa^ of 
putrefying matter upbn the surface of the earth, the relics ef 
former generations, ammonia must be given out, into the 
atmosphere. Most of us were struck with the very small pro- 
portion of carbon or carbonic acid found in the air, only <me- 
ihousandth part of its bulk ; yet 1 shovred you also, that wh^ 
coral reefs are formed in the ocean by^myriads of anhnalcahi, 
these little animals contrive to abstract from the water ^fheient 
carbonate of Unie, to form future islanda; and yet the quand^ 
of lime in sea- water amounts to only the 1^400th part of its 
bulk, and iodine is contained in salt water in the propoHaon of 
onU-miiltonth. The air itself contains 79 per cent ft>ee azole, 
about 2 i pet* cent of oxygen, and one-thousandth of carbonic 
acid; but, unless .we provide azote for plants in some other 
form Ihan.^ that in which it exists in the atmosphere, it is use- 
lsea» That tom is ammonia ; and in thst fcspa we mttst look 
far H in die mr, as required plants. If we take a jar ibll of 
absiniqihmrie ak; and look for ammonia in it, will 

disappointed, the quantity exists in so small a proportion. By 
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Li^l^ assmned that every cubic foot of a^r 
ccMiteiiii <|iily a quarter d£ a grain of aiumonia : l^iebif h^ 
hoi|Bi«i|^^. found it in the air. iCn^oiua u a ht|^y volal^aaul^ 
stan^ at an ordinary temperature existing as a vapour ; but if 
tbsit ^poiir comes into contact, with ?rater« the wa^r absorbs it 
Boyapimy as almost to pdduce an explosion. Li^ig qonc^Ved 
the tdeib that if we wish to search for ammonia, we tousit Jobfc 
for it m the mater which flHls fhwi the air, and by so doing h^ 
^Und I bave done, by repeating his experiments. I^iebig 
toc^ iOQ sndlons of rain water ; be implied ha^ and distiUi^ over 
four jor. nve pints; he saturated it with add,., so as to ifa the 
ammonia ; evaporated jt, and it left cryi^lbaed muriate of 
ammonia. It appears, however, that our air in Manchester is 
ridi in aqimonia ; for, instead of 1 00 gallons, we had only to 
use 10 gallons ; and from the first pint distilled, 1^. INield and 
I toicceeded in procuring this quantity of ammonia (^exhijpting 
4 quantity cry^lixed in a glass3* It is natural to expect, 
'where so much coal is burned, and where there is so large an 
accumulation of human beings, that if ammonia is to be found 
tk all, it is in Manchester. We see, therefore, that the atmos- 
phere will provide, for plants a quantity of ammonia, and so 
small as is toe quaidity entering into the composition of a plant, 
it is su^dent for the developeroent of those principles which 
are requisite to the nutrition of the plant if one pound of 
rdn water contain only a quarter of a grain of ammonia, then a 
field, haying an area of 40,C^ square feet, must receive annually 
upwards <]f;80^ of ammonia, or 65tb oi nitrogen. This is much 
mofe.nitrogen than is contained, in the form of albumen ox gluten, 
in %6o01b of wood, in 2,800ib of hay, or in 200 cwt of beet- 
root, which are the usual products of that surface. It also 
happens, that the quantity of ammonia thus brought down by 
rain, After a drought, is larger than ordinary. In summer, a 
Uiumter shower after drought is very likely to bring down, in 
the ; first pari of the shower, a large proportion of ammonia. 
Liebig tooh difierent portions or strata of snow, and found the 
larger .proiKirtion of nmmonia in the lowest stratum, which of 
feJl first. Thc^ sensation of greater hardness in rain 
CfrH pn washing the hands) than in distilled water, is 
qiriug to the quantity of ammonia which rain water contains as 
compared with distiued water. We have next to consider how 
mmfW appearr in plants, or. whedier it appears at all. Of 
tbp there Is abundant evidence presented in the evapotoli^ of 
Juice, taken from the stem of the maple tree;, is 

am^dly. a^r^ted with lime, for |he purpose of throwing 4pwn 
cn^^toins, and the presence of the lime causes a 
ois^ y^jPj^ of the gaseous ammonia, sensible to all kbo^l^v 
the imaBl^riesaf m^le and bei^b-root s^r, ibis escape of 
ipoipma iii;wy„ strikingly experienced ; this, 

pmee is one of very senous loss to the beP^root sugar manu- 
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faitoter ; far the ammonia |iv«i oS, leaves behind it an acid 
sdt prevents tlia sogar crystalliaing, and causes otmsid^^ 
abfe low By rediidhi to a tready st^, in which duly 

a instead of ihe whole, <itm crystitze. Tho jpwducts 

of tW distHklioo of Rowers, herbs, rdots, wiih wi&er, and 
all ^ extracts of plants, Rir medicinll paiposes» COiltatxi am- 
rnonk. 'il^ tdmcco leaf contains i^mOnia^ jwtk # fife jutee 
of ^ cut vine also gives off ammonia. In eonuecliott irith thigie 
^cts, we may dlude to eome articles which the fiurmer empliys 
to tOcrease the fertility of hisland. Most ot the composts nsM 
are rich in nitro^n, particularly bone-dust, mwhed bones, and 
the Ravines of hoTn, being parts of dead animals ; but there 
are also <TOer substoces, which, when thrown ow the field, 
increase its fertility, simpk because they combine*with the 
ammonia which comes down in rain water, and deprive H of its 
amninQia. Gypsum, or the sulphate of lime, is extensively used, 
and, when applied to a meadow exposed to alternations of wet 
and dry weather, causes it to produce abundantly; but it is 
found not to answer upon a dry meadow ; and the reasim is, that 
when rain falls, if carbonate of ammemia exists in the air> i^d 
comes into contact with gypsum, it is converted into carbonate 
of lime, and the ammonia is disengaged and absorbed hito the 
soil. The next shower dissolves a portion of it, whidh'^ 
down to the root of the plant, and is assimilated by the pkhl 
itself. Many soils edntain ammonia. If you tidee a piece of 
common pipe-clay, and moisten with a strong alkali, yOu per- 
ceive at once a smell of ammonia given off, which will even Con- 
tinue for a couple of days. Other aluminous earths retaih 
ammonia. Burned clay is often used by farmers to their land ; 
and burned clay is now found to absorb and retain ammonia. 
The ferruginous earths (those which contain an onide of iron) 
also retain ammonia ; and one of the most solid of these 
oxides, the hematite or red oxide of iron, a stone, contfdns 
one per cent of this gaseous principle. It is from .these 
facts, now for the first time explained by Liebig, — that these 
hnaterials used by the farmers prove beneficial in their applica- 
tion to the land. Humus is a spongy body, which absorbs 
ammoniacal gas to a considerable extent; and, with eVeVy 
shower of rain, it gives it out to be taken up by the roots offhe 
plants. Plants, then, derive their nourishment from* carbcmic 
acid, ammonia, an^ water ; these being ^he principal sources 
from which plants derive the greatest pan of their bulk arid 
weight The plant assimilates to itself these respective elments 
from carbonic add, ammonia, and water. In thedec^y of plants, 
these elements float toother plants, are again assimilated by 
them^ and thus the destruction of me gdiieratidn of plaonts fur- 
niritdi the materids out of which another is to be forined. The 
intermediate prbeesses arc obscure ; but still lights are to be 
thrown upon it, by analogy, which may fbrm the subject Of 
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anotli^ Coniniumca^on.---ri( Applaij^se.) Let us now consider 
vhat Ollier materials we find m plants* If a |klant consisted 
meiQal^ of the elements meniloiied, it would vaperiae* be entirely 
dissipflited# And nothing would be left; but very few plants will 
do this. Some of the elements of plax^ will do it, as stercli, 
sugar, and the essential *^il8 ; but generally we gnd, that, after 
the burning away of a pls|it, there is an ash lefL In coals, 
which are but* vegetables transformed, we find the value of the 
coal dmmnds upon the greater or less quantity of ashes ; and 
this ash we will term the inorganic principle of vegetidiles. 
This consists of potash, soda, lime, magnesia, some of the me- 
tallic oxides, phosphoric, sulphuric, and other acids, chlorine, 
iodine, and 1 need hardly enumerate them all ; but they are a 
number ef fixed elements, capable of existing in a solid form, 
pnalterable and unchangeable by h^t. [[He exhibited a quan- 
tity of ashes obtained frmn •burning six ears of corn^ alter 
threshing, and without the wheat ; in addition to a quantity of 
soluble matter* which had been dissolved.]] In reading tlie 
works of the ^der physi<dagists, we meet with the statement, 
** Such a plant/ contains a httle soda and a little magnesia, ' 
without specifying proportions, csr any stress being laid upon 
the fact. ' Bht mo|W accurate kivestigations have shown, that 
there are certain relative proportions between the quantity of 
these fixed materials and the plant itself ; that, in proportion as 
these exist in die soil or the plant, its developement is more or 
less perfect. If a fanner attempt to grow wheat on a soil con- 
taining neither fiint nor potash, he may get wheat, but it wi)) 
not stand, the stems will not support it ; because the stalk of 
wheat contains a species of glass — silex in combination with 
potass. He would have nothing in the ear, unless the soil were 
provided wkh a salt called the phosfdiate of magnesia and am- 
monia. This has been tried in the mosses, which contain humus 
enough, but without the addkion of some compost they never bear. 
Irtthe tribe of plants called equieetacece, the stem contains large 
quantities oS silica. The Dutch rush contains so much that it is 
used for the purpose of polishing ; aiicf it is found in large quan- 
tities in some tropical plants. '1 he bambob in some of joints 
contains absolute nodules of a substance consisting of 70 per 
cent of silica, and 30 p<nr cent of potash. How came they 
there ? There has been some controversy upon this subject 
among dhemists ; and one analysis has beeij made to show, that 
It could not be a permanent proportion, inasmuch as two pine 
tinees which ^ew in different situations contained difierent ^o- 
portions. .Liebig took thei@ analyses, compared them together, 
introduced (triumphikitly I " tliink) the principle of 

E uttifvsdants, laid down by our venerable townman. Dr. Dalton,~ 
flhcMng thfd although the quantid^ appear very dissimilar, 
irwi thmr prcqiortioDS they are exactly the same, although die 
ta were taken from a hostile source. Two pine trees were 
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taken^ one growing on Mont Brevl^, and the other on Mont La 
S^le. The first contained potash, lime^ and maMesia ; and the 
sum of the carbonates of these amounted to 50*71 per cent in 
the ashes ; while those oh the pine grown on Mont La Salle 
contained 58*55 of these carbonate ; but this litter contained 
only pot^h and lime. In the first \he quantities were carbor 
nate of potash S*0O, carbonate of li|fne 46*84, carbonate of mag- 
nesia 6*77 ; in the second, caabonate of potash 7*36, carbonate 
of lime 51*19. So that the one containmg no magnesia con- 
tained more lime and patash ; and when we examine the equiva- 
lents (the prop(ui;ions required to neutrali2e an acid), we find 
them in the one to amount to 9*01, in*tbe other' to 8*95, being a 
difi^renc^ of only *06 (six hundredths), a difference of wmght 
which few scales would detect. Liebig took another anoly^ in 
which the disproportions'^ are .much greater. He took two 
"“fir trees,— one Rowing in NorSray, and the other at Allevard, 
in France. That in France contained potash, soda, lime, 
and magnesia ; the sum of these carbonates was 49*5 : while 
tliat of the carbonates found in the fir grown in Norway 
was 51.45 ; yet these, when reduced to the equivalents in 
which they combine with acids, "Wfire found to be tl.62 
and 11.47; from which result Liebig is disposed to infer, 
that the presence of these elements is not accidental ; but 
that they form a certain proportion, and enter into that 
proportion in the ratio of their equivalmts. Now firom 
what sources are these matters derived ? Take a sandy heath, 
which contains, to all ap|>earance, nothing but sand, and where 
the most expert analyst will detect nothing else ; no humus 
whatever, and, if you attempt to grow wheat upon this h^th, 
there will be no crop^ But, if on this heath plants are grown 
which require but little of the inorganic principle, and these 
are destroyed either by decay or combustion, it is found in 
practice that the heath acquires fertility. Take> for excunple, 
the Luneburg Heath, in Germany, which is covered with 
iieath-piants generally, especially the erica vulgaris. Every 30 
or 40 years the practice is to burn down all the vegetable 
growth on the surface, to let the aslies sink into the ground, 
and then to sow wheat ; and thus these plants, which have, for 
the space of 40 years, been constantly collecting a little of these 
elements, when burned, contain in their ashes the product of 
that number of years* growth ; which. When return^ into the 
soil, is sufficient for one crop of plants which require a good 
large proportion of these elements. In the neighbourhood of 
Heidelberg, one of the perquisites of the woodcutters, after 
felling and clearing tihiber, is to be allowed to burn the roots, 
stumps, twigs, and leaves, and to raise one year's^ produce 
from the ground. They do so, and get cme good crop ; for, 
whatever the trees and plants c^ect goes on accumulating, 
and then, by destroying the carbonaceous parts by fire, the 
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products are retu^ed to the soil, and provide for one 
y|^|&it^rbw.th of wheat. Does not this show us what is meant 
TO^^ii^sting a soil ? If wheat is grown year after year on 
soil, it is found that the crop becomes less and less 
prdduet^ie. And why? ••Because, with every crop of wheat, 
so mucii of the inorganic elements is removed or taken away 
from the ground ; therefor^ in order to allow this ground to 
recover these inorganic elements, it is necessary to resort either 
to the now exploded (?) system of allowing it to remain fallow, 
or to a rotation of crops ; which, we shall show, w’ill furnish 
the ground with potash gnd lime. But how does a soil happen 
to contain potash originally ? All soils are formed from the 
disintegration of the harder rocks ; they gradually accumulate 
in the lower parts of the country, being brought down by floods 
and other causes- We nnist look, then, to the compositiijfi 
the rocks theinselv’^es. SufjpbSie of each of these which f w^ill 
enumerate, a field of 40,000 square feet (a Hessian acre) of 
surface, with a depth of twenty inches, were decomposed, the 
quantity^ of potash we might expect to find W'ould be : — In 
felspar, 1, 152,0001b; in clinkstone, 200,0001b to 400,0001b; in 
basalt, 47*5001b to 7’^j000lt» ; in clay slate, 100,000H> to 
200,0001b ; and in Icatti, from 87iOOOlt> to S00,000lt). We also 
find, that the aluml'.ious (or clay) earths contain a large pro- 
portion of potash ; for we can obtain it not only from pure 
felspar, but from th*' granites. The potash these contain is 
not washed away by every shower of rain ; for clay is a very 
impervious sort of nia'cerial ; and therefore, though the surface 
may be washed away, the interior still contains a large propor- 
tion. Wherever water penetrates, there the soil gives off its 
potash to the water, a:id this will be taken up by the apongm/vs 
of the roots of plants. A single cubic foot of felspar, if decom- 
posed in clay, is sufficient to supply^ a wood of 40,000 squar*‘ 
feet, with the quantity of poUish necessary for the growth ol 
timber upon it, for five years. l>o we not, then, see the use of 
many of the composts now introducetl upon land ? The very 
dirt collected uj>on our roads intist contain quantities of potash. 
The gritty portions t>f this dirt undergo decomposition ; it is 
reduced to the finest powder, and, from exposure to air and 
moisture, undergoes tlisintegralion ; and by this means an 
abundant supply of, potash may be obtained. How does the 
earth, after being exhausted by tlie growth of plants, recover 
itself by lying fallow ? It has the double advantage of not 
only having its humus exposed to the air, and converted into 
a sort of sponge ; but the inorganic materials are still further 
decomposed by the action of the air, and thus become ready to 
furhislrto the next crop the quantity of alkali required. We 
see that where silica is required as an ingredient in portions of‘ 
a plant, it is necessary tliat potash should exist with it, to 
render it in some degree soluble. Thus the hard part of the 
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bamboo, and the stalk of wheat, ^ich contain silica, have it 
accompanied with potash, which assists the silica to enter 
into a state capable of being assimilated to the pknt. There 
is another beautiful provision in plants, for taking up some 
of the more insoluble elements, viz. ^at in one class of plants, 
the graminece, an acid is given, as an excretion from the roots, 
producing an acetic fluid, which, et^liering into combination witli 
alkaline earth, forms soluble elements, and allows them to be 
taken up by the spongeoles, and reduces them to a state of as- 
similation. Plants growing there will assist in the disintegration 
of rocks more than mere weather will do. But suppose a soil 
pretty rich in potash, and that the farirfer is misled by the desire 
of making the most of his land in a short time. He grows upon 
that land plants, which, when they attain their propar growth, 
jare removed from the lancl, burned, and sold for potash — an 
*artit?lc greatly in demand. The plant generally selected for this 
purpose is the artemisia, or wormwood ; if he grows it and sells 
the aslies^ and next year thinks he will have a crop of wheat, he 
will be disappointed ; for he lias taken from the soil that very 
material Avhich is essential to the welfare of his wheat the fol- 
lowing year. Again, it is essential to tlie fsriner to know which 
of his crops takt? out the most of this principle, as contained in 
potash, lime, or magnesia. Tobacco and w’heat require pretty 
much the same proportion of potash, at one period of their 
growth. If the farmer attempts to cultivate the one after the 
other, the result w'ill be pretty much the same as if he tried to 
grow two crops of the same plant in two succeeding years. It 
would seem from this, if the view taken by Liebig be correct, 
that it is important the farmer should always know what are the 
inorganic elements containeil in the crops he wishes to have ; 
for these must either be found in, or supplied to, the soil ; they 
cannot exist in the atmosphere. He ought next to examine his 
soil, tmd see if it contains them. If not, they must be added. 
Upon this, it seems to me, tlie important principles of agricul- 
ture depend. It is not necessary that each farmer should be 
himself an analyst ; but a number of farmers might unite to 
])rocure the service.s of one ; and it is certain that success would 
follow the application of these principles. The quantity of 
inoi*gfinic elements required by the plant, in 100 parts of the 
stalk of wheat, are 1.0.5 of ashes. In the same quantity of the 
dry stalks of barley, 8,51 ; in 100 parts df the stalk oats, 4.4ii ; 
and thus we see, tliat the same field that yields only one harvest 
of wheat, might be made to produce two crops of barley, or 
three of emts, year after year. The illustration of^he practice 
-lit -Heidelberg, of allowing the woodcutters to burn the timber 
on the ground, will also show how lancl, which has been co- 
vered by foreks for years, will, wlieii the forest is consumed, 
become abundantly fertile. It is owing to this, tliat the trees 
themselves require ‘but little ajkali in proportion to the grasses ; 
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they have been asumilating this for years, andi when they are 
deatr<^ed by decay or combustion, mat ^pround is abundantly 
snppl^ with inorganic products necessary for a crop, and also 
wim a fair proposrtion of vegetable soil. The common practice 
wfUi fkrmers in the rota^on of crops is to follow grass with 
legHmmom, which class of plants contains no fVee ^kaii, ^d 
only one per cent of the phdfphates of lime and magnesia ; buck 
wheat contains only .09 per ceift. These belong to the fallow 
crops ; and the cause they do not exercise any injurious influ- 
ence on the land cultivated, is, that they do not extract the 
alkalies from the soil, and only a very small proportion, of the 
phosphates. 

Now, is there not something in all this deserving the atten- 
tion of agriculturists ? They have, hitherto gone on blindly ; 
they have arrived at a certain state of knowledge from exp<»ri. 
ence, and it is so far a useful guide ; but are they possessed of 
sufficient knowledge of facts connected with this important sub- 
ject, to form a principle and rule, in reference to crops and soils 
of various kinds, and the order of succession ? And when we 
find a work published by a celebrated organic chemist. Dr. 
Liebeg, in which these principles are developed for the first 
time in Europe, are tjieyniot, I ask, highly deserving the atten- 
tion of agricultuTists ? They not only apply to all the articles 
of our daily food, but to the articles of raw produce which we 
consume in our manufactures ; and, in fact, it seems that cul- 
ture is not only useful, as supplying our animal wants, but also 
to lay the foundation of the prosperity of states, particularly of 
those engaged in commercial enterprise ; and therefore, in tJie 
speculations now afloat as to the transfer of the products of one 
part of the earth to another, it is important to set at rest cr 
establish the principle upon which this must be effected. .1 do 
not stand here, in order to defend the principles of Liebig, but 
shall be glad to listen to the experience which any gentleman 
here has to offer ; assuring jrou, tliat I have at least as much 
pleasure in listening to others as in hearing myself, — The 
lecturer concluded his communication (which w'a's delivered 
extemporaneously with great ease and fluency) amidst the loud 
applause of his deeply-interested auditory. 

The Chairman^ said, it was very gratifying to hear the sug- 
gestion of Mr. Ransome as to the practical application of 
chemistry to agriculture ; for, though a farmer could scarcely 
be expected to liecome an analytic chemist, a number of 
farmers might congregate to talk matters oVer, and employ a 
person competent to try experiments, and in this way the 
important principles developed in Liebig's work would become 
of immmise practieal importance to generations yet unborn. 
Perhaps we might not immediately see the application of these 
apparently dry details to the subject of animal and vegetable 
♦ Alfred Binyon, Esq. 
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nutrition ; but v/e should doubtless see afterwards the coiltoec- 
tion between Uie principles now ^ereloped, and the food we 
take into our stomachs. 

Mr. Ransome said, the plan he projmsed to adopt was this > 
— To follow out t)ie elements which Constitute our food> and 
see whence they are derived as vege^ble substances ; and then 
to apply these principles to the subject of animal ifutrition ; and 
this appeared to him the only perfect way,-Hfirst, to treat of 
materials of which they were made; nexti what forms these 
were capable of assuming ; then what forms they did really 
assume ; and ^en what articles are more or less ht, and why, 
for the purpose of animal nutrition. 

The Chairman : Has Mr. JRansoihe verified the statement of 
UeW as to the development of qxygen/rom plants during the 
actioiv of the sun's light ? 

Mr. Ransome : I have several years ago, quite to my own 
satisfaction. This is a very unfavourable season of the year to 
repeat the experiment ; but I shall repeat it as soon as the 
season will permit. 

The Chairman said, it was desirable tliat the fact should be 
established. He was quite delighted to see the quantity of 
ammonia on the table obtained from rain water. It was an 
extremely interesting and novel experiment. 

Mr. Ransome said, that one subject would require verifica- 
tion— the doctrine of vegetable equivalents, or whether certain 
plants of the same class, and under similar circumstances, cop- 
tain equal qualities of alkaline or otlier bases. He had only 
mentioned four facts bearing on tliis pwnt, all taken from 
Liebeg's book ; but it was a subject requiring verification, and 
it would form an interesting inquiry for any chemist practised 
inorganic clicmistry. It would not require much ^^ill; the 
experiments were very easy. At tlieir last meeting the subject 
of the epipkiUs was mentioned,— a subdivision of the parasitic 
tribes of plants; and, in answer to a question he (Mr. Ran- 
some) put, Mr. Moore had given an interesting statement as to 
some plants which grow attached to other plants, but not 
growing from them. He had since thrown out a valuable hint, 
— that, as epiphites grow upon the surface of other plants, the 
question was, is there an exudation from* the parent plants, 
which is taken up after decomposition by the air, by these 
radicals, although they do not live upon the juices of the parent 
plant ? , 

Mr. Moore said he thought there could be no question that 
secretions were thrown out upon particular parts of plants; but 
in this point he had merely referred to those rough-coated 
plants, which the epiphites liked to select to fasten upon, and 
which he produced the other evening at the Philosophical 
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Society. There was one plant> the epider^roti^ elongatum, which 
seemed to have no radicals whatever, nothing to take up even 
the ktimus from the tree upbn which it fixed tjtself* The lichens 
might be considered epiphites, for they fixed themselves upon 
trees, they did, not get iy»on the alhurimm ; but, having spon- 
ges, they very likely received their food from’^the humus secreted 
by the plant to which they were attached ; but the epidehdron 
elongatum would grow suspended from a wall, provided the 
atmosphere were kept moist. All that is wanted to be known, 
and this would seem to prove it, is, that there is a 
tribe of plants that may and do receive all their juices 
independently of any connection with the ground ; and 
that they elaborate their food by means chiefly of the leaves 
rather tHhn the radicals. The parf^ites that get into the alhitr- 
num would prove nothing, be<;^use they draw their nourishm<^t 
from the parent jjlaiit, which gets it from the ground- 'f he 
most important part of Liebig’s book seemed to him to be 
this, — that the theory which he endeavoured to establish, cor- 
roborated all those facts wdiich the fanners had found to be true' 
from experience. He (Mr. Moore) could point out fields in tlie 
neighbourhood in wdiich he w'as born, where the farmer, from 
improper motives, had taken two wheat crops in succession, 
without the land resting, and that land would not recover for 
years. In the rotation of crops, tliey never took two of wheat 
in succession. The common order of rotation was, — potatoes, 
with additional rich manure ; then ^heat, then oats, next clover ; 
and then a good farmer would let his land rest before he began 
with crops again. Mr. Ilansome mentioned a curious fact in 
connection tvith lichens ; in many of w]n(?li, instead of woody 
fibre, was found a chemical salt, the double oxalate of lime. • Jii 
several plants, crystals of chemical compounds were found 
existing in their tissues. A plant had been found (the charn 
hispida) covered over with crystals of the carbonate of‘ lime. 
In the bamboo it existed as a sort of nodule, and Mr. Bowman 
doubtless knew other cases. — Mr. Bow man : Yes. 

Mr, Bansome then exhibited an interesting experiment, — 
the solidification of ammonia in connection w ith a metal ; forming 
with mercury an amalgam, as tin or lead would do, and con- 
siderably and visibl}^ increasing the bulk of the mercury. Into 
a solution of the spit of ammonia he poured some mercury, 
which lost much of its original fluidity, and attained a consistency 
something like that of solt butter. He then stated, that, as he 
wished for an opportunity of mt*eting a number of agricultural 
gentlemerf, he should be glad to give a supplemental h*cture 
between this and the next lecture for a general audience ; and 
as the subject of the art of culture involved some details which 
couM hardly be discussed in public, on that occasion only his 
audience would be exclusively composed of gentlemen. 
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Mr. J. E. Bowman moved the thanks of the meeting to Mr. 
Ransome for his very lucid exposition of the important princi- 
ples which had formed the subject of his lecture. 

The Chaibman then called the attention of the company to 
the present position of the establishii&ent, which he was sure 
they must be convinced was one of ^ery great utility to various 
classes of the community ; mor^ especially to the parents of 
large families growing up and wishing to become acquainted 
with the elementary parts of science, to whom this gallery would 
afford opportunities, not perhaps equalled by any other institu- 
tion of a similar kind in the town. His brother directors and 
tiiuisclf earnestly requested those present to make it known 
amongst their friends. ^ 

Mr. Wm. Boulton, as a visitor, and by the committee privi- 
legeftTo be present, could not be*satisfied without seconding the 
vote of thanks to Mr. Ransome. The subject was of immense 
importance i and he trusted, that, through the kindness of Mr. 
Ransome, the application of the principles of chemistry to the 
cultivation of the land would be productive of additional benefit 
to the community, by diffusing information as to the principles 
cnunciaced by Rrofes«or Liebig. 


Experiments on the. Lateral Force of Electrital Explosions By 
Joseph Priestley/ LL.D., F.R.S.* 

Dr. P. being informed, in accounts of damages done by 
lightning, of persons and things being removed to considerable 
distances, without receiving any hurt, he was excited to try 
whether he could produce similar effects by electricity. All 
the other known effects of lightning had been frecpiently 
imitated by the application of this power ; but he did not know 
tiiat this effect had ever been taken notice of by any electrician. 
The experiments he presently found to be very easy ; and he 
thinks it not difficult to ascertain the cause of this striking effect, 
and the manner in which it is produced. 

If pieces of cork, wood, powder of anji kind, or any light 
bodies whatever, be placed near the explosion of ajar, or battery, 
they will not fail to be moved out of their places, at the instant 
of the discharge. I f the explosion of a large battery be made 
to pass over the surface of animal or vegetable substances, in 
the manner described in the printed account of his experiments, 
and large corks be strewed along, or near the path intended for 
it, it is surprising to observe with what violence they will be 

• From the Trausactums of the Ro_V|^lISocietv for the rear 17(>9. 
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driven about the room ; and this dispersion is in all directions 
^om the centre of the explosion { and it makes no difierence 
whether the rods^ between which it is made^ be sharp*p(»nted 
at otherwise. The effect of this lateral force is very remark- 
able in attempts to lire ffynpowder in electrical explosions. If 
the gunpowder be confined ever so close in quills or cartridges^ 
and they be held last in vves, yet, when the explosion is'^ade 
in the centre of them, it will sometimes happen, even when a 
wire has been melted in the midst of the powder, and the ftag- 
ments have been seen red-hot for some time in different parts of 
the room, that the powder has not been fired, or only a few 
grains of it, the rest bding diroersed with great violence, part 
of it dying against the faces of persons who assisted in maKing 
the experiments. This circumstance, together with the charcoal 
being a -conductor of electrici^, makes it so extremely difficult 
to fire gunpowder by electrical explosions ; and it is evidently 
owing to this lateral force, that parts of the melted wire fly so 
many ways, and to so great a distance from the place o( ex- 
plosiona 

This lateral force is exerted not only in the neighbourhood 
of an explosion, when it is made between pieces of metal in the 
open air, but also when it is transmitted through wnres that are 
not thick enough to conduct it perfectly ; and the smaller the 
wire, and the more complete tlie fusion, the greater is the dis- 
persion of light bodies placed near it. At one time, w hen the 
wire was not melted, but turned blue by the explosion (in which 
case it generally assuiu^^s a dusky red, which lasts but for a 
moment), there was a small dispersion from every part of the 
wire, but by no means so great as it would have been if it had 
been melted, or only heated to a greater degree. By a consi- 
derable number of trials Dr. P. found, that a greater force of' 
explosion would move light bodies at a greater distance ; but 
the smaller the bodies were, the less was tliis difference ; so that 
he supposed, that if they had no weight at all, they would 
probably be moved at the same distance by the ex])losion from 
any quantity of coated surface, charged equally high ; but 
there was a great difference in the weights removed by different 
forces at the same distance. Placing the same piece of cork at 
the same distance from the place of explosion, he found that 
the discharge of one jar removed it |th of an inch, two jars 
1 Jth, three 1 ftlis, and four about 2 inches ; so that he does not 
wonder at very heavy bodies being moved from their places, 
and to considerable distances, by strong flashes of lightning. 

That the immediate cause of this dispersion of bodies in the 
nei^bourhood of electrical explosions, is not their being sud- 
deny diarged with a quantity of electric matter, and therefore 
flyit^ from others that are equally charged with it, is, he 
thinks, evident from the following experiments and observa- 
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lions. He never observed.the least sensible attraction of these 
light bodies to the brass rods, through which the explosion 
passed, or to the electric matte» passing between them, previous 
to this repulsion, though he used several methods which could 
not have failed to show it, if there ^had been any such thing. 
Sometimes he suspended them in fine* silken strings, and ob- 
served that they had contracted electricity after they had 
been agitated in the manner described above. Sometimes he 
dipped them in turpentine, and observed that no part of it was 
found sticking either to the brass rods themselves, or to any 
part of the table between them and the place where the light 
bodies bad been laid. He even found* that the explosion of a 
battery made ever so near to a brass rod did not so much as 
disturb the equilibrium of the electric fluid in the body itself-: 
for when he had insulateii the rod, and hung a pair of pith balls 
end opposite to that near Vhich the explosion passed, he 
found that the balls were not in the least moved at the time of 
explosion, which they would have been, if pari of the eJectric 
fluid, natural to the body, had been driven, though but for a 
moment, towards the opposite end. He also observed, that the 
effect was the same, when the explosion was made to pass 
through one of the knobs of the insulated rod. This lateral 
force was evident through thin substances of various kinds in- 
terposed between the explosion and the bodies removed by it, 
as paper, tin-foil, and even glass ; for when some grains of 
gunpowder were put into a thin phial, close stopped, and held 
near the explosion of a battery, they were thrown into manifest 
agitation. ^ 

Dr. P. therefore thinks it most probable, that this lateral force 
is produced by the expulsion of the air from the place where 
the explosion is made. For the electric matter makes a vacuum 
of air in its passage ; and this air, being displaced suddenly, 
gives a concussion to all the bodies that happen to be near it. 
Hence the removal of the light bodies, and the agitation com- 
municated to the thin substances, and to the air, and the light 
bodies placed beyond them. The only objection to this hypo- 
thesis is, that this lateral force is not so much less in vacuo as 
might be expected, when the air is supposed to receive the con- 
cussion first, and to communicate it to other bodies ; but it 
must be considered, that the most perfect vacuum we can make 
with a pump is not free from air. Dr. P. tried to make this 
experiment in a Torricellitin vacuum, but could not succeed at 
tliat time. Besides, as the electric matter, of which an explosion 
consists, must take a wider path in vacuo, if not equally fill the 
whole space, it may affect a body in its passage, without the 
intervention of any air. In condensed air, this lateral force was 
not, as far as he could perceive, much increased. 

Willing to feel what kind of an impulse it was that acted on 
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bodies, when they were driiren away hy this lateral force of 
electricity ; Dr. P. held his finger near the path of an explosion 
of battery, passing over the shrface of a green leaf, when he 
felt a stroke, as of something pushing against his finger. Several 
c&rks7 placed in the samc^situation, were driven to a considerable 
distance by the same explosion. Recollecting that this power, 
which he now, calls the laCVeral force of electrical explosions, 
must be the same with that •which gives the concussion to 
water, mentioned in his experiments to imitate an earthquake, 
and to vegetable and animal substances, over the surface of 
which it passes ; and being determined to make a more satisfac- 
tory trial of it than he bad ventured to do before, he laid a 
green leaf on the palm of his hand, intending to make the ex- 
plosion pass over the leaf ; but the ^eaf was burst, and torn to 
pieces, and the explosion, pas^ng over his hand, gave it a v i«> . 
lent jar, the effect of which remained, in a kind of tinglingltor 
some time. 

Lastly, in order to judge the most perfectly of his force. Dr. 
P, laid a chain communicating with the outside of the battery 
on his bare arm, above the wrist, and bringing the discharging 
rod near the flesh, within about two inches and a half of the 
chain, he made the explosion pass over the quantity of the sur- 
face of the skin. Had he taken a greater distance, he was 
aware that the explosion would have entered the flesh ; which, 
he was sensible, would have given a jminful convulsion to the 
muscles through which it passed. In this case the sensible 
effect was very different from that, being the same external 
concussion as before ; and he sometimes thought, that the sen- 
sation is not disagreeable. However, the hairs on the skin 
were singed, and curled up along the whole path of the explo- 
sion, and for the space of about half an inch on each side of it: 
also the |>apill8D pyramidales of the skin were raised, as when a 
person is shivering with cold. This was also the case in every 
part of the arm which the chain touched, and even that ])art 
of it which w’as not in the circuit. Both the path of the explo- 
sion, and the place on which the chain lay, had a redness 
which remained till the next day. Sometimes the flesh has 
contracted a blackness by this experiment, which has remained 
for a few hours. 
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Various ExpcrimeptM on the Force of Electrical Explosions* 

By Jo 6 ep!^#iI 15 Stl»v, LL4D., F*R.S * 

Making the explosion of a bakery pass over the surface of a 
green cabbage-leaf, be observed that it left a track near ^th of 
an inch in breadth, exceedingly well defined, and distinguished 
by a difference of colour from the rerft of the leaf. Along this 
path also the firmness of texture ip the leaf was entirely de- 
stroyed, that part becoming quite fiexible, like a piece of cloth. 
Presently after, it turned yellow, withered, and became per- 
fectly brittle. 

Willing to try the effect of this explosion passing along the 
surface of other substances, he laid a piece of common window- 
glass on the path, pressed by a weight of six ounces ; but it was 
shattered to pieces, and tot lly dispersed, together with the leaf 
» '^pjjvhich it la3^ Placing the t^ackside of a piece of corkwood 
upon it* pressed by a weight of half a pound, the leaf was not 
rent, but the cork was furrowed all the way, a trench being 
made in it about half an inch in breadth, and a quarter of an 
inch in depth. Laying the smooth cut surface of a piece of 
cork, it was farrowed all tlie w-ay, as if it had been cut with 
a file, but not near so tleep as before. Many of the small 
pieces, which had been rubbed off in the explosion, remained 
in the furrow. Also the substance of the cork seemed to be 
shattered, and it was easily rubbed off, a little way into it. 

He made this explosion on the surface of some red wine, in 
a small dish, and kept a part of the same quantity exposed in a 
similar manner : but he could perceive no difference between 
them after several days. 

The track of an electricid explosion on the surface of the 
cabbage-leaf, being so w^ell defined, suggested an experiment to 
ascertain whether there was any sensible, momentum in the elec- 
tric fluid, when it is rushing with violence from one side of a 
battery to the other* For this purpose he made the explosion 
pass over the leaves when they were cut in right and acute 
angles ; so tliat the shortest path, from the inside to the outside 
of the battery, was to turn close at the angle ; and observed 
that it was not diverted from its course, in the least degree, by 
the rapidity of its own motion, but that it had turned exactly 
at the angle, and kept as close to the opposite side, as if the 
motion had begun at the angle. The electric matter had how- 
ever been evidently attracted by the veins of the cabbage-leaf, 
having pursued them a little way, at least having sensibly af- 
fected them, wherever it met with them in its passage. 

This experiment suggested another, intended to determine 
whether the force of an explosion was at all diminished by being 

• From the Philosophical Transactions for 1769. 
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diverted from a right-lined course, an^jgaade to turn in a great 
number of angles. To do thijj, he firsMeund, by a great num- 
b^.of trials^ what length of a small iron wire he was able to 
melt witli a battery of about twenty square feet, in the middle 
of«a circuit of about three yards of brass wire, considerably 
thicker than the iron, and stretched in two right lines, suspen- 
ded on silken strings. Th^ length of the iron wire, melted in 
these circumstdnees, was about ihree inches. He then took the 
same brass wire, and fixing pins into a board of baked wood, 
twisted it about them, making it turn in a very great number 
of acute angles ; and he put three inches of the same iron wire 
in the midcUe of this croaked circuit, that he had done in the 
straight one; so that the electric matter in the explosion was 
obliged to.raake a great number of t^ns at acute angles, before 
it could come to the iron wire ; but* he always found that the 
same length of iron w'ire was dfleltcd in these circurastancd?"?!s ’ 
ill the other, and not the least difference was perceived ,iii the 
force. But though the form of the wire through which an ex- 
plosion passed, made no difference in its force, he found a very 
remarkable difference occasioned by the length of the circuit in 
wires of the^ same thickness ; and which surprised him very 
much. 

To ascertain the practicability of firing mines by electrical 
explosions. Dr. P. took tw’cnty-two yards of small brass wire 
(but so thick, however, that he could not have melted tlie least 
part of it by the force of any battery he had ever constructeil), 
and extending it along a dry boarded floor, with a small piece 
of iron wire, and a cartridge of gunpow'der about it, in the 
place that was most remote from the battery ; he found that, on 
the discharge, the w-ire w'as not melted, nor the gunpowder ex- 
ploded ; also the report was very faint. In other circumstances, 
a charge of the same battery was able to melt more than nine 
inches of this iron wire; and this same carttidge was easily 
fired near the battery, connected with shorter pieces of the 
same brass wire ; so that the diminution of force must have 
been owing to the length of the circuit. 

In the place of this small brass wire, Dr. P. substituted an 
iron wire one-fifth of an inch thick, when about half an inch 
of t hiff mall iron wire >vas exploded ; so that the force was 
not Jrolened so much, in a circuit of the thick iron wire, as it 
liad been in one of the small brass wires. To judge how much 
of the force might be lost by nearer circuits, consisting of less 
perfect conductors, he joined the middle of the circuit made 
by the iron wire with water, in which both the wires were im- 
merae^r eflect was^ that the small iron wire was only 

but not exploded as before. Being sensible how 
depended on avoiding lesser circuits, by which part of 
the fire of an explosion might return to the battery, without 



133 


By Di*. Priestley. 

rbaching the extremity of the circuit, where he intended the 
whole of its force to be exerted, in tlie remaining experiments, 
he insulated half the circuit of iron wire. There was no occa- 
sion for insulating the whole circuit ; for if there was but one 
passage to, or from the middle of it, there could be but one 
from, or to it In this method it wa^ easy to ascertain what 
loss df force was occasioned by the^ length of the circuit, as 
every other circumstance was carefully excluded*; and it pre- 
sently appeared to be very considerable ; for though it could 
melt nine inches of the small iron wire at the distance of fiileeti 
yards from the battei y ; when he tried twenty yards, he found 
that he was just able to make six incises of it red-hot. The 
battery in these experiments was in the house, and the wires of 
which the circuit consisted were conveyed by silke^ strings 
into a garden adjoining to tne house. 

Sieutioning this loss of f orce occasioned by the length of the 
circuit in electrical explosions to Dr. Franklin, he said that the 
same observations had occurred to him, and that he had also 
been disappointed in an attempi to fire gunpowder at a distance 
from his battery. Struck with this appearance, Dr, P. endea- 
voured to ascertain the quantity of this obstruction, by trying 
w'hat other courses the electric fire w’ouM chuse preferably to 
a long metallic circuit. In the first place, taking about a yard 
of the small brass wire, mentioned above, he disposed it in the 
manner described below, connecting one of the ends with the 
outside of the battery, and the other with the inside. In the 
first place, he brought the parts near the two extremities , into 
contact, and, on the discharge, found there had been a fusion 
in that place, and that a great part of the fire had taken, the 
shorter circuit, though it had been obliged to quit the wire in 
one place, and enter it again in another. Afterwards he re- 
moved these parts to a small distance from one another, and, 
on the explosion, observed a strong spark pass between them, 
llemoving them to greater and greater distances, he found the 
explosion to pass above one-third of an inch in the air, rather 
than make the circuit of the continued wire. Using a longer 
and smaller iron wire, the passage through the air exceeded half 
an inch. He then took four or rive yards of iron wire one-tenth 
of an inch thick, when the passage through the air was still half 
an inch ; and taking three yards and a Jialf of wire that was 
one-fifth of an inch tliick, the spark in the* air was half an inch, 
and sometimes near three quarters of an inch. Making use of 
only half the length of this wire, the passage through the air 
was only half that distance, or one-fourth of, an inqjr. When 
he kept the place of near contact about the middle of this wire, 
and made the explosion at the extremities of the whole wire, he 
was obliged to bring them about as near again, i. e. to little 
more than the eighth of an inch, before the passage would be 
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tlirough the air ; so ttflt the force of the whole explosion must 
have gyeatiy weakened by its passing through so much of 
the ^^* Lastly, he took a pair of kitchen tongs, the legs of 
which were two feet, and the smallest part of them above half 
inch in diameter ; when the circuit was made about one- 
£xth of an inch in th^ a/r (for at that distance from one another 
the ends of the tongs had ^ been fixed) rather than through four 
feet of that thick iron. 

• 

Notwithstanding this evident passage of the electric matter 
through the air, at the same time that a metallic circuit was 
provided for it ; it was certain that the whole of the charge did 
not pass in the air: for* when he extended one- third of an inch 
of small iron wire between the nearest* parts, it was only made 
red-hot <^he discharge ; whereas^bove two inches of it would 
have been exploded, if there had ifcen no otlier metallic circuit 
at all. • ‘ 

As the electric fire meets with so much obstruction in pass- 
ing through a circuit of iron of this thickness. Dr. P. makes no 
doubt but that it is considerably obstructed in passing through 
metallic circuits of any thickness whatever; and that it would 
prefer a very short passage through the air, if they were made 
even of no great length. In tliis method the different degrees 
of conducting power in different metals may be tried, using 
metallic circuits of the same length and thickness, and obutrv- 
ing the difference of the passage through the air in each. N.B. 
A common jar answers as well, in these experiments, as a large 
battery. It is evident, from many experiments, that the whole 
fire of* an explosion does not pass in the shortest and best cir- 
cuit ; but that, if inferior circuits be open, part wdll pass in 
them at the same time. Of this Dr. P. made the following 
satisfactory trial. lie took ^ iron cliaiii, and laid it upon a 
table, ill contact with a charged jar ; so that the parts of it 
made two circuits for the discliarge, which he could vary at 
pleasure ; and he observed that, when one of tlie circuits was 
but half an inch, and the other more that Jialf a yard ; yet, if 
the charge was high, it alw'ays went in them both, there being 
c^siderable fiashes between tiie links of the remotest part of 
the chain. If the charge was weak, it passed in the shortest 
circuit only. 

It is evident, th^t when the wires of a battery are not in 
clo£e contact, there must be some loss of force in the discharge ; 
but this never appeared to be very considerable. To ascertain 
it by experiment, he first found, by repeated trials, what length 
of a piece*of iron wire he was able to melt with a battery con- 
sisting of twenty jars, with the wires and connecting rods cjuite 
loose, and a chain to join the rods belonging to each row of jars, 
which is the manner in which he had generally constructed 
them. In these circumstances, he foinuf the battery was able 
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to melt something more than two inche^nd a half of the wire. 
He then soldered the wires of each jar to the rod which con- 
nected them^ and also soldered another rod to all these^ instead 
of the chain which he had used ; so that he avoided near one 
hundred sparks in the discharge, at each of which there must 
have been some loss of force ; but he Hid not find, aHer many 
trials that the strength of the bdttery had been thus sensibly 
diminished ; for he could not melt three inches' of the same 
piece of wire in these circumstances. It was only made red- 
hot, which is equivalent to the melting and exploding of little 
more tlian two inches and a half. 


Observatioiis on Atmospheric Electricity • By M. Peltier.*" 

The instruments which serve to measure electricity do 
only indicate the electric difference of bodies to which they are 
applied, and not the absolute quantity which either of them con- 
tains. This defect is a grave inconvenience for meterological 
observations, since the instruments may be plunged into a strong 
electric atmosphere without giving any indication. This defect 
is common to two kinds of electric measurers, *but the multiplier 
has a very great inferiority in point of sensibility, as I have 
shown in a memoir published in 67th volume of the Annah d 
Chimie ct de Physique; I have proved that, with the best multi- 
plier, it is necessary to discharge 7069 degrees of statical elec- 
tricity thro^igh its wires to produce one degree of dynamic 
divalion in the needle. These two defects of the multipier, 
(indication of electric difference of bodies, and want of sensi- 
bility), render that apparatus insufficient for studying atmos- 
pheric electricity under a serene sky, at low altitudes ; for 
instance, making the ground for one of the extremities of the 
conductor, and the height of buildings for the other. Moreover, 
for exj)loTing the atmosphere, the multiplier, hitfferto, has only 
been employed for indicating the electricity of stormy clouds. 

For the purpose of resuming this question, " and interrogating 
the atmosphere at great altitudes, I have taken advantage of the 
serenity of the weather, which has contipued for a long time. 
Tlie experiments were made on an elevated plane three leagues 
from Corbeil, on the grounds of M. Ant. Breguet, where I met 
with all the attention and assistance that I could desire, both in 
instruments, skill, and devotion to the science. Professor Gut- 
tierez took with us a very active part in these researches. 

On the 21st of April last, the sky being sufficiently clear, 
notwithstanding vapours forming long cirri, occasionally com- 
* Cum/ftci, Jir>nhis for May, 
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billing in long strata, Kb advancing slowly at a distance, tlie 
air gave feeme electric indications at three meters from Uie 
grotmd : the wind, in the lower strata, being north west, whilst 
that at the height of the clouds was due south. About noon 
Hfe sent up a kite attached to a copper wire of 400 metres long. 
The bobbin round whidif the wire was coiled had a calculator 
attached for the purpose of ascertaining the quantity of wive let 
off to the kite*; and every part of the apparatus was susceptible 
of insulation when required. A multiplier df 3000 convolutions 
of wire, communicated with the wire on the bobbin, by one of 
its extremities, and with the ground by the other : and an elec- 
troscope could testify the indications of the multiplier at each 
instant. The angle formed by the kite-string and the ground 
was easiljr ascertained : the former Jieing the hypothenuse. 

The kite beiri]g arrived at the height of 30 metres, the 
multiplier sliowed but little sign of a current, whilst the el^‘- 
troscope gave indications of an increasing tension of positive 
electric action. From 30 to 40 metres the multiplier deviated 
from 2® to 3®, and indicated a positive current descending. 
Above that height, both the multiplier and the electroscope 
indicated a neutral zone. Afterwards, we had a negative de^ 
scending current, with a deflection of 2® or 3^. The electros- 
cope indicated the negative zone, or strata, to be about the 
tluckness of 20 metres, above which, we again found the at- 
mosphere positive. The new* positive current was feeble at 
first, but the kite having mounted to 120 metres the needle 
commenced a rapid deflection ; and when it had arrived at the 
height of 180 metres, the current gave 60® of deflection, cor- 
responding to 160 proportional degrees. 

This reversal of the current being a fact too curious not to 
attract our attention ; we again interrogated the atmosphere the 
next few following days ; but there beiiig an uniform serenity 
of weather we could not find any reversal ot electric action, 
such as we obtained in the first day’s experiments ; the atmos- 
phere being positive from the commencement at 2 metres from 
the ground. The tension increased to al)out 30 or 40 metres ; 
and it was not till the kite arrived at that height that the elec- 
tricity became suIBciently intense to act on the needle of the 
multiplier. From 40 to 100 metres altitude the needle ad 
vanc^ very feebly, but at the latter elevation the deviation 
proceeded rapidly, aSnd when the kite had mounted to 247 
metres, the needle became deflected 90 ® and remained steady 
between 70® and 80®, which showed a mean current of 600 
proportionid degrees. 

The constant fact that we have found during'those fine*dry 
days, is, that the positive electricity increased slowly to the 
altitude of 100 meters ; but above that height it increased 
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mpwlly to the highest altitude that we have attained. The 
needle is not tranquil in its deflections^ but varies considerably 
according to the changes and force of the wind. It is princi- 
pally wlten the kite’s head was agitated that the variations of the 
needle were most considerable: at thqse times it wouhl fre- 
quently deviate over an arc of from 10*^ to 25®' in a moipaent ; 
eorre^onding with 30® to 4*0® of pro!i)ortionals.*' . 


jin to Explain some of the Principal Phenomena of 

Electricity, by Means of\tn Elastic Fluid. By tlie Hon, 
« Henry Cavendish, F.R.S. • 

Since first writing the following paper, Mr. C. found that 
this way of accounting for the phenomena of electricity, is not 
new. ^pinus, in his I’entamen Theoriir Electricitatis et 
Magnetismi, has made use of the same, or nearly the same hy- 
pothesis; and the conclu.sions he draws’ from it, agree nearly 
with Mr. C.'s, as far as he goes. However, as Mr. C. has 
carried the theory much farther than he has done, and has con- 
sidered the subject in a different, and in a more accurate manner, 
lie hopes the society will not think this paper, unworthy their 
acceptance. 

The method he proposes to follow i.s, first, to lay down the 
hypothesis ; next, to examine by strict mathematical reasoning, 
or at least, as strict reasoning as the nature of the subject will 
admit of, what consequences will flow from thence ; and lastly, 
to examine how far these consequences agree with such experi- 
ments as have yet been made on this subject. In a future 
))aper, he intends to give the result of some experiments he was 
making, with intent to examine still further the truth of this 
1) ypothesis, and to find out the law of the electric attraction and 
repulsion. 

Hypothesis. — There is a substance, which Mr. C. calls the 
electric fluid, the particles of which repel each other, and attract 
the particles of all other matter, with a force inversely as some 
less power of the distance than the cube : tlie particles of aill 
other matter also repel each other, and attract those of the elec- 
tric fluid, with a force varying according to the same power of 
the distances. Or, to express it more concisely, if we consider 
the electric fluid as matter of a contrary kind to other matter, 
the pat tides of all matter, both those of the electric fluid and of 

• We imagine that oiir author means proportional intensity as indicated 
by some kind of electrometer. — Edit. 
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other repel particles bl the same kind, and attract those 

of a contrary kind, with a force inversely as some less power of 
the distance than Uie cube. For ^e future, he woula be un- 
derstood never t<f comprehend the electric fluid under the word 
nmttcT, but only some other sort of matter. 

It is indifl^ent whether we suppose all sorts of matter •to be 
indued in an equal degree with foregoing attraction and 
repulsion, or whether we suppose some sorts to be indued with 
it in a ^eater degree than others ; but it is likely that the elec- 
tric fluid is indued with this property in a much greater degree 
than other matter ; foif in all probability the weight of the elec- 
tric fluid in any body bears but a very small proportion to the 
weight of the matter ; but yet the|force with which the electric 
fluid tlierein attracts any particle of matter, must be equal to 
the forc^ with which the matter therein repels that particle ; 
otherwise the body would appear electrical, as will be shown 
hereafter. To explain this hypothesis more fully, suppose that 
one grain of electric fluid attracts a particle of matter, at a given 
distance, with as much force as n grains of any matter, lead for 
instance, repel it : then will one grain of electric fluid repel a 
particle of electric fluid with as much force as « grains of lead 
attract it ; and one grain of electric fluid will repel one grain of 
electric fluid with as much force as n grains of lead repel n 
grains of lead. 

All bodies in their natural state, with regard to electricity , 
contain such a quantity of electric fluid interspersed between 
their particles, that the attraction of the electric fluid in any 
small part of the body, on a given particle of matter, shall be 
equal to the repulsion of the matter in the same*small part on 
the same particle. A body in this state Mr. C. calls saturated 
with electric fluid ; if the body contains more than this quantity 
of electric fluid, he calls it overcharged : if less, he calls it 
undercharged. This is the hypothesis ; he now proceeds to 
examine the consequences which w ill flow from it. 

Lemma 1.— Let EAe (pi. 3, hg. 1) represent a cone continued 
infinitely; let a be the vertex, and oh and Dei planes parallel to 
the base ; aud let the cone be filled with uniform matt^, whose 
particles repel each other with a force inversely as tiie n power 
of the distance. If « is greater than 8, the force with which a 
particle at a is repelled by Esbe, or all that part of the cone 
1 

beyond Bb, is as 8 * supposing ab to flow, the 

fluxion of SBbe is proportional to — ad -|- ab^ and’ the fluxion 

— AB 

of i|6 repulsion on a is proportional to ; the fluent of 

1 

which is 3 — 3 ; which when ab is infinite is equal 
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lo notliing ; consequently the repulsion of eb 6« is proportional 

1 . 

to « — 3 -1- ~ 3 AB" “3* 

1 

Coral U ab is infinitely stnall^ 3 ** infinitely 

thercffore the repulsion of that part of the cone.i^ween a and 
nh, on A, is infinitely greater than the repulsicm of all that 
beyond it. ^ 

Lemma 2 .— .By tlie same method of reasoning it appears, 
that if a is equal to S, the repulsion of , the matter between b& 
and Btl on a particle at a, is proportional to the logarithm of 

consequently the repulj^ion of that part is infinitely small 

Sn respect of that between a and and also infinitely small in 
respect of that beyond nd, 

Lemma 3. — In like manner, if n is less than 3, the repulsion 
of the part between a and b 6 on a is proportional to ab ® : 

i'onsequently the repulsion of the matter between a and a 6 on 
A, is infinitely small in respect of that beyond it. ■ 

Coral It is easy to see, from these three lemmata, that if the 
electric attraction and repulsion had been supposed to be in- 
versely as some higher power of the distance than the cube ; a 
particle could not have been sensibly affected by the repulsion 
of any fluid, except what was placed close to it. If the repul- 
sion was inversely as the cube of the distance, a particle could 
not be sensibly affected by the repulsion of any finite quantity 
of fluid, except what was close, to it. But as the repulsion is 
supposed to be inversely as some power of the distance less than 
the cube, a particle may be sensibly affected by the repulsion of 
a finite quantity of fluid, placed at any finite distance from it. 

DednUion, If the electric fluid in any body, is by any means 
confined in such manner that it cannot move from one part of 
the body to the other, Mr, C. calls it immoveable : if it is able 
to move readily from one part to another, he calls it moveable. 

Prop, 1 . — A body overcharged with electric fluid attracts or 
repels a particle of matter or fluid, and is attracted or repielled 
by it, with exactly the same force as it would, if die matter in 
it, together with so much of the fluid as is ^sufficient to saturate 
it, was taken away, or as if the body consisted only of the re- 
dundant fluid in it In like manner an undercharged body 
attracts or repels with the same force, as if it consisted only of 
the redundant matter ; the electric fluid, together witli so 
much of the matter as is sufficient to saturate it, being taken 
away. — This is evident from the definition of saturation. 

Prop, o, — f over or undercharged bodic.s attract or repel 
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each, other with just the same force that they would, if each 
body consisted only of the redundant fluid in it, if overcharged, 
or of the redundant, matter in it, if undercharged. — For, let the 
two bodies be called a and b : by the last proposition, the re- 
dundant substance in b i\ppels each particle of diiid and matter 
in A, and consequently impels the whole body a, with the ^ame 
force that the whole body,B impels it : for the same reason the 
redundant substance in a impels the redundant substance in b, 
with the same force that the whole body a impels it. It is 
shown therefore, that the whole body b impels the whole body 
A, with the same force i^iat the redundant substance in b impels 
the whole body a, or with which the whole body a impels the 
redundant substance in B ; and that the whole body a impels 
the reduildant substance in b, with* the same force that the re- 
ilundant substance in a impel% the redundant substance in 
'fherelbre the whole body b impels the whole b<»dj’ a, with the 
same force with which the redundant substance iq a impels thc‘ 
redundant substance in b, or with which the redundant sub- 
stance in B impels the re<lundant substance in a. 

Carol- Let the matter in all the rest of space, except in two 
given bodies, be saturated with immoveable fluid ; and let the 
fluid in those two bodies be also immoveable. 1 hen, if one of 
the bodies is saturated, and file other either over or under- 
charged, they will not at all attract or repel each other. If the 
bodie.s are both overcharged, they will repel each other. If 
they are both undercliargf'd, they will also repel each other. 
If one is overcharged and the other undercharged, they w ill 
attract each othei*. 

N. B. In this corollary, when Mr, C. calls a !>o<ly ov«rrchar- 
ged, he would be understood to mean, tfiat it is overcharged in 
all parts, or at least no where undercharged ; in like manner, 
wlien he calls it undercharged, he means that it is undercharged 
in all parts, or at least no where overcharged. 

Prop. S . — If all the bodies in the universe are saturated with 
electric fluid, it is plain that no part of the fluid can have any 
tendency to move. 

Prop. 4. — If the quantity of electric fluid in the universe is 
exactly suflicient to saturate the matter therein, but unequally 
dispersed, so that some bodies are overcharged and otliers un- 
dercharged ; then, if the electric fluid is not confined, it wdll 
immediately move till all the bodies in the universe are satu- 
rated. — For, supposing that any body is overcharged, and the 
Ixidies near it are not, a particle at the surface of that body 
will be repelled from it by the redundant fluid within ; con- 
sequently some fluid will run out of that body ; but if the body 
is undercharged, a particle at its surface will be attracted 
towards the body by the redundant matter wdthin, so that some 
flojrl will run into the borlv* 
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N.B. In prob. 4, case 3, there will be shown an exception to 
this proposition : theme may perhaps be some other exceptions 
to it : but lie thinks 'there can be no doubt that this proposition 
must hokl good in general. 

Lemma 4. — Let BOfi, bde^ and msiu (fig. 2) be concentric 
sp]ierical surfacei, whose centre is c: if the space b 6 is filled 
with uniform matter, whose particles rep^ with a force 
inversely ns the square of the* distance ; a particle placed any 
wiiere witliin the space c6, as at p, will be repelled with as 
much force in one direction as another, or it will not be im- 
pelled in any direction. This is dem'opstrated in Newt. Princip. 
fib. 1 prop. 70. It fdllows also from his demonstration, that if 
the repulsion is inversely as some higher power of the distance 
than the square, the parJcle p will be impelled towards the 
centre ; and if the repulsion (is inversely as some lower power 
than the square, it will be impelled from the centre. 

Lemma 5 . — If the repulsion is inversely as the square of the 
distance, a particle placed any where without the sphere bde, 
is repelled by that sphere, and also by the space with the 
same force tnat it would if all the matter therein was collected 
in the centre of the sphere ; provided the density of the matter 
*'in it is every where the same at the same distance from the 
centre. This is easily deduced from prop. 71 of the same book, 
and has been demonstrated by other authors. 

Prop, 5, proh. 1. — Let the sphere bde be filled with uniform 
solid 'matter, overcharged with electric fluid; let the fluid in 
it be moveable, but unable to escape from it : let the fluid in * 
the ro.st infinite space be moveabie, and sufficient to saturate 
the nfatter in it ; and let the matter in the whole of infinite 
space, or at least in the space B?-, whose dimensions will be 
given below, be uniform and solid ; and let the law of the elec- 
tric attraction and repulsion be inversely as the square of the 
distance ; it is required to determine in what manner the fluid 
will be disposed both within and withoift the globe. 

Take the space sb such, that the interstices between the par- 
ticles of matter in it shall be just sufficient to hold a quantity of 
electric fluid, whose ])articles are pressed close together, so as to 
touch each othei^ equal to the whole redundant fluid in the 
globe, besides the quantity requisite to, saturate the matter in 
Bb ; and take the space such, that the matter in it shall be 
just able to saturate the redundant fluid in the globe : then, in 
all parts of the space sb, the fluid will be pressed close together, 
so that its particles shall touch each other; the*space will 

• By tho space nit or bS, Mr. C. means the space compreJn-niletl tetireen 
the spherical surraces HUE and ltdr, or between ude nn4-’^'‘: by the space 
( l> or lie menus the spheres hde or — Orip, 
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be entirely deprived of fluid ; and in the space cb, and all the 
rest of innntte space^ the matter will be exactly saturated. 

t^or, if the fluid is disposed in the above mentioned manner, 
a particle of fluid placed any where within the space cb will not 
be Impelled in any directioq by the fluid in ni, or the matter in 
B 3 , and will therefore have no tendency to move ; a particle 
placed any wh^re without the sphere m will be attracted with 
just as much force by the matter tin as it is repelled by the 
redundant fluid in b6, and will therefore have no tendency to 
move: a particle placed any where within the space b^, will 
indeed be repelled tow’ards the sturface, by all the redundant 
fluid in that space which is placed nearer the centre than itself ; 
but as the fluid in that space is alread}^ pressed as close to- 
gether as pQssible> it will not have any tendency to move ; and 
in the space Bi there is no fluiil to move, so that no part of 
the fluid can have any tendency to move. 

Moreover, it seems impossible for the fluid to be at rest, if it 
is disposed in any other form ; for if the density of the fluid is 
not every where the same at the same distance from the centre, 
but is greater near b than near d, a particle placed any where 
between those two points will move from b towards d ; but il’ 
the density is every where the same, at tlie same distaiKe from 
the centre, and the fluid in sb is not pressed close together, the 
space c/; will be overcharged, and consequently a particle at b 
will be repelled from the centre, and cannot be at rest : in like 
manner, if there is any fluid in b 3, it cannot l>e at rest: and, 
• by the same kind of reasoning, it might be shown, that, if the 
fluid is not spread uniformly within the space cb, and without 
the sphere p,><, it cannot be at rest. r * 

Carol. 1. If the globe bde is undercharged, every thing else 
being the same as before, there will be a space b 6, in w hich the 
matter will be entirely deprived of fluid, and a space u^, in 
which the fluid will be pressed close together ; the matter in 
hb being equal to the whole redundant matter in the globe, 
and the redundant fluid in Di, being just sufficient to saturate 
the matter in : and in all the rest of space the matter will be 
exactly saturated. The demonstration is exactly similar to the 
foregoing. 

Carol. 2, The fluid^ in the glol>e bde will be disposed in 
eifactly the same manner, whether the fluid without is immove- 
able, and disposed in such manner that the matter shall be 
evety where saturated, or whether it i$ disposed as above de- 
scril^; and* the fluid without the globe will b^ disposed in 
just the same manner, whether the fluid witliin is disposed 
uniforinly* or whether it is disposed as above described. 

Wr0p. 6, prob. 2. — To determine in what manner the fluid 
disposed in the globe bde, supposing every thing as in 
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tlie last problem, except that the fluid on the outside of the 
globe is immoveable, and disposed in such manner as every 
where to saturate the matter, and that the electric attraction 
and repulsion is inversely as some other power of the distance 
than the sriuare. « 

I am not able, says Mr. C., 4o answer this problem accu~ 
rately ; but I think we may be certain of the following cir- 
cumstances. • 

Cme 1. Let the repulsion be inversely as some power of the 
distance between the square and the cube, and let the globe be 
overcharged. It is certain that the density of the fluid will be 
every where the same at the same distance from the centre. 
Therefore, first, there can be no space, as c^, within which 
the matter will be every where saturatecl ; for a particle at h is 
impelled towards the centre, by the redundant fluid in b 6,, and 
will therefore move towards the centre, unless ch is sufficiently 
over-charged to prevent it. Secondly, the fluid close to tlie sur- 
face of the sphere will be pressed close together ; for otherwise a 
particle so near to it, that the quantity oi fluid between it and 
the surface should be very small, would move towards it ; as 
the repulsion of the small quantity of fluid between it and the 
surface, would be unable to balance the repulsion of the fluid 
on the other side. Whence, he thinks, we may conclude, 
that the density of the fluid will increase gradually from the 
centre to the surface, where the particles will be pressed 
close together. Whether the matter exactly at the centre 
will be overcharged, or only saturated,' he cannot tell. 

Cimtl. For the same reason, if the globe be undercharged, 
he thinks we may conclude, that the density of the fluid 
will diminish gradually from the centre to the surface, where 
the matter will be entirely deprived of fluid. 

Case 2, Let the repulsion be inversely as some power of 
the distance less than the square ; and let the globe be over- 
charged. There will be a space nbj in which the particles 
of the fluid will be every where pressed close together ; and 
the quantity of redundant fluid in that space will be ^eater 
than the quantity of redundant fluid in the whole globe bde ; 
so that the space ch, taken all together, will be undercharged. 
But he cannot tell in what manner the fluid will be disposed 
in that space. For it is certain that the density of the fluid 
will be every where the same at the same distance from the 
centre. Therefore, let h be any point where the fluid is not 
pressed close together, then will a particle at h be impelled 
towards tha surface, by the redundant fluid in the space Bb ; 
therefore, unless the space cb is undercharged, the particle 
will move towards the surface. 

Coral. For the same reason, if the globe is undercharged. 
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there will be a space b 6, in which the matter will be entirely 
deprived of fluid; the quantity of matter in it being more than 
the whole redundant matter in the globe ; and consequently 
the space ch, taken all together, will be overcliarged. 

JLemma 6 Let the whole space comprehended between two 

parallel planes, infinitely extended each way, be filled with uni- 
form matter, the repulsion of whose particles is inversely as the 
square of the distance ; the plate«of matter formed thereby will 
repel a particle of matter with -exactly the same force, at wliat- 
ever distance from it, it be placed. 

For, suppose that there are two such plates, of equal thick- 
ness, placed parallel to each other, let a (fig- .^) be any point 
not placed in or between the two plates : let bcd represent any 
part of the Clearest plate : draw the lines ab, ac, and ad, cutting 
the farthest plate in 6, c, and d ; rfor it» is plain, that if they cut 
one plate, they must, if produced, cut the other ; the triangle 
BCD is to the triangle Itcd, as ab^ to a&® ; therefore a particle of 
matter at a will be repelled with the same force by the matter 
in the triangle bcd, as by that in Ifcd. Whence it appears, that 
a particle at a will be repelled with as much force by the 
nearest plate, as by the more distant ; and consequently will be 
impelled with flie same force by either plate, at whatever dis- 
tance from it it bq placed. 

Carol, If the repulsion of the particles is inversely as some 
higher power of the distance than the square, the plate will repel 
a particle with more force, if its distance be small tlian if it be 
great ; and if the repulsion is inversely as some lower power 
than the square, it will repel a pfirticle -with less force, if its dis- 
tance be small, than if it be great. * 

Vrop, 7» proh, 3. — In fig. 4 let the parallel lines a«, b^, &c, 
represent parallel planes infinitely extended each w'ay : let the 
spaces'*' AD and eh be filled with uniform solid matter : let the 
electric fluid in each of those spaces be moveable and unable to 
escape ; and let all the rest of the* matter in the universe be 
saturated with inimovjgable fluid ; and let the electric attraction 
and repulsion be inversely as the square of the distance. It is 
required to determine in what manner the fluid will be disposed 
in the spaces ad and eh, according as one or both of them are 
over or undercharged. 

Let AD be that ‘space which contains the greatest quantity of 
redundant fluid, if both spaces are overcharged, or which 
contains the least redundant matter, if both arc undercharged ; 
oi> is overcharged, and the other undercharged, let ad 

be file aeverebarged one. Then, first, there will be two spaces, 
AB ottll OH, which will either be entirely deprived of fluid, or 

*Bj' the space ab or ab, &c. i« meant the space comprehended between 
the planes Ao and ad, or between and ab — Orig. 
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in which the particlea will be pressed close together ; namely^ 
if the whole quantity of fluid in ad and eii together, is leas 
than sufficient to s»atiirate the matter therein, they will be 
entirely deprived of fluid ; the quantity of redundant matter i^ 
each being half the whole redundant matter in ad and eii 
together: but if the fluid In ad and eh together is more than 
siiffil^ient to saturate the matter, the*fluid in ah and gm will be 
pressed close together ; the quantity of redundant fluid in^ach 
being half the whole redundant fluid in both spaces. 2d. In 
the space cj> the fluid will be pressed close together ; the 
quantity of fluid in it being such, as t«\ leave just enough fluid 
ill Bc to saturate the matter in it. 3d. The space ef will be 
entirely de]>riveil of fluid ; the quantity of matter in it being 
such, that the fkiid in fo shall be just sufficient to saturate the 
^matter in it : consequently the redundant fluid in CD will be 
just sufficient to saturate the redundant matter in ef ; for as ab 
and GH together contain the whole redundant fluid or matter in 
both spaces, the spaces unand eg together contain their natural 
quantity of fluid ; and therefore, as bc and fg each contain 
their natural epumtity of fluid, the spaces ci> and ef together 
contain their natural quantity of fluid. And, 4th, the spaces 
IK and TG will be saturated in all parts. 

For, 1st. if tluj fluid is disposed in this manner, no particle 
of it can Iiave any tendency to move : for a particle placed any 
wliere in the spaces in: and fc>, is attracted wdth just us much 
force by ef, as it is repelled by cd ; and it is repelled or 
attracted with just as much force by ad, as it is in a contrary 
tlireetitjii by Gii, and consequently has no tendency to move. A 
})e.rtiele plaet^d any w here in the space cn, or in the spaces ab 
and Gii, if they are overch;u’gcd> is indeed repelled with more 
force towards the planes nd, ao, and hA, than it is in the 
contrary tlirection ; but as the fluid in those spaces is already 
as much compressed -as possible, the particle will have no 
tendency to move. 

^3il. It seems impossible tliat the fluid sho^d be at rest, it it 
is disposcal in any other manner ; but as ims part of the de- 
monstration is exactly similar to the latter part of that of 
jiroblem the first, it is omitted. 

Coral 1. If the two spaces ab and eii are both overcharged, 
the redundant fluid in cn is half the difference of the redundant 
fluid in those spaces, added to the quantity in ab, whicli is 
lialf the sum, i.s equal to the wrhole quantity in ad. For 
a like reason, if ai> and fii are both undercharged, the re- 
ilundant matter in ef is half the difference of tlie redundant 
matter in those spaces ; and if ad is overcharged, and eh under- 
cliarged, the redundant fluid in cn exceeds half the redundant 
fluid in AD, by a quantity sufficient to saturate half the Redun- 
dant matter in eh.* 
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Corol 2, It was before said, that the fluid in the spaces a» 
and GH (when there is any fluid in them) is repelled against 
the planes a« and nh ; and consequently would run out 
through those planes, if there was any opening for it to do 
sd. The force with which the fluid presses against the planes 
Art and uh, is that with which the redundant fluid in ab is repel- 
led by that in gh ; that is, 'with ■which half the redundant <duid 
in both spaces* is repelled by ai\equal quantity «of fluid There- 
fore the pressure against Aa and iik depends only on the quantity 
of redundant fluid in both spaces together, and not at all on the 
thickness or distance of those spaces, or on the proportion in 
which the fluid is divide between the two spaces. If there is 
no fluid in ab and gh, a particle placed on tlie outside of the 
spaces AQ and eh, contiguous to the plains Aoor iih, is attracted 
towards those plains by all the matter in ab and gh, id c*sf, by 
all the redundant matter in *l)oth spaces ; and consequently ■ 
endeavours to insinuate itself in the space ai> or eh ; and the 
force with which it does so, depends only on the quantity of 
redundant matter in both spaces together. The fluid in ci> 
also presses against the plane nr/, and the force with which it 
does so, is. that with which the redundant fluid in cd is attracted 
by the matter in ef. 

Corol 3. If AD is overcharged, and eh undercharged, and the 
‘ redundant fluid in ad Is exactly sufficient to saturate the redun- 
dant matter in eu, all the redundant fluid in ad will be collected 
in the space cd, wlierc it will be pressed close together : the 
space EF will be entirely deprived of fluid, the quantity oFmatler 
in it being just sufficient to saturate the redundant fluid in cd, 
and the spaces ac and fh will be every wdiere saturated. 
Moreover, if an opening is made in llie planes fo or h//, tl^e 
fluid within the spaces ad or eh "will have no tendency to run 
out at it, nor -will the fluid on the outside have any tendency to 
run in at : a particle of fluid too placed any where on the out- 
side of bjjfth spaces, as at p, will not be at all attracted or repelled 
by those spaces, any more than if they were both saturated ; but 
a particle placed ^y where between those spaces, as at s, w'ill 
be repelled from d towards e ; and if a communication was 
made between the two spaces, by the canal de, the fluid would 
run out of ad into joh, till they were both saturated. 

Prop* 8, proh* — To determine in what manner the fluid 
will be disposed in the space ad, supposing that all the rest of 
the universe is saturated with immoveable fluid, and that the 
electric attraction and repulsion is inversely as some other powder 
of the distance than the square. I arn not able, says Mr. C., to 
answer this problem accurately, except when the repulsion is 
llih^rsely as the simple or some lower power of the distance ; 

I think we may be certain of the following circumstances. 
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Vase 1. — Let the fepulsion be inversely as some power of 
the distance between the square and the cube, and let ad be 
overcharged. 1st. It is certain that the density of the fluid 
must be every where the same, at the same distance from the 
planes An and nd. Hd. There can be;po space, as bc, of any 
sensible breadth, in which the matter will not be overcharged. 
AndJ ,Sd. The fluid close to the ]Mane8 au anjl nd will be 
pressed close together. Whence he thinks, we may conclude, 
that the <lensity of the fluid will increase gradually from the 
middle of the space to the outside, where it will be pressed 
close together. Whether the matter exactly in the mUldle will 
be overcharged, or only saturated, he cannot tell. 

Case 2. Let the repulsion be inversely as some power of the 
distance between the square and the simple power, aftd let ad 
.be overcharged. There will b» two spaces, ab and DC, in 
which the fluid will be pressed close together, and the quantity 
of rediJUvlant fluid in each of those spaces will be more than 
half the redundant fluid in ad; so that the space bc, taken all 
togetluT, will be undercharged ; but he cannot tell in what 
manner the fluid w'ill be disposed in that space. The demon- 
strations of these two cases are exactly similar to those of the 
two cases of prob. 2. 

Vase 3. If the repulsion is inversely as the simple, or some . 
low power, of tin? distance, and ad is overcharged, all the 
fluid will he collected in the spaces ab and cn, and bc will be 
entirely deprived of* fluid. If ad contains just fluid enough to 
saturate it, and the repulsion is inversely as the distance, the 
fluid will remain in ccpiiiibrio, in whatever manner it is disposed; 
provided its* density is eveiy where the same, at the same dis- 
tance from the planes Aa and nd, but if the repulsion is 
inversely as some less power than the simple one, the fluid will 
be in equilibrio, whether it is either spread uniformly, or 
whether it i.s all collected in that plane which is in the middle 
between Aa and nd, c'r whether it is all collected in the spaces 
AB and CD ; but not, he believes, if it is disposed in any other 
manner. Tiie demonstration depends on this circumstance ; 
namely, .that if the repulsion is inversely as the distance, tw^o 
spaces, AB and cd, repel a particle, placed either between them, 
or on the outside of them, with the same force as if all the 
matter of those spaces was collected in the middle plane 
between them. It is needless mentioning the three cases in 
which AD is undercharged, as the reader will easily supply the 
place. . 

Ifliough the four foregoing problems do not immediately 
tend to explain the phenomena of electricity, Mr. C. chose to 
insert them ; partly because they seem worthy engaging our 
attention in themselves ; and partly because they serve, m 
some measure, to confirm the truth of some of the following 
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propositions, in which he was obliged to make use of a less 
accurate kind of reasoning. 

In the following propositions, Mr. C. always supposes the 
bodies he speaks of to consist of solid matter, condned to the 
same spot, so as not to be able to alter its sliape or situation by 
the attraction qr repulsioft' of other, bodies on it; he also sup- 
poses the electric fluid iik these bodies to be moveable,* but 
unable to escafie, unless when qjtherwise expressed. As for the 
matter in all the rest of the universe, he su]^poscs it to be 
saturated with immoveable fluid. He also supposes the electric 
attractio^and repulsion to be inversely as any power of the 
distance less than the cube, except when otherwise expressed. 
, Bya canal, he means a slender thread of matter, of such 
kind that the electric fluid shall be able to move readily along 
it, but shall not be able to escape Ifom it, except at the ends, 
where it communicates with*otlH;r bodies. 'I'lnis, when he 
snys that two bodies communicate wdth each other by a canal, 
he means that the flniil shall be able to pass readily from one 
body to the other by that canal. 

Prdp. (). If any bocly, at a distance from any over or under- 
charged body, be overcharged, the fluid within it will be 
lodged in greater quantity near the surface of tlie body than 
near the centre. For, if you sui>pose it to be spread uniformly 
all over the body, a particle of fluid in it, near the surface, will 
be repelled toyv';\rds the surface by a greater (juantity of fluid 
than that by which it is re])elled from it ; consequently tlie 
fluid w ill flow towards the surface, and make it denser there : 
moreover, the particles of fluid close to the surface w’ill be 
pressed ^lose together ; ibr otherw ise, a particle placed so near 
it, tijat the quantity ol‘ redundant fluid betw'eeji it and the 
surface should be very small, would move towards it ; as the 
small quantity of redundant fluid between it and the surface 
would be unable to balance the repulsion of that on the other 
side. 

From tlie four foregoing problems it seems likely, that if 
tlie electric attraction or repulsion is inversely as the s{|uare 
of the distance, almost all the redundant fluid in the body 
will be lodged close to the surface, and there jiressed close 
together, and the rest* of the body will be saturated. If the 
repulsion is inversel^'^ as some power of the distance betw’een 
the square and the «ube, it is likely that all parts of the body 
will be overchargtd, and if it is inversely as some less power 
than the square, it is likely that all parts of the body, except 
those near the surface will be undercharged. 

CoroL For the same reason, if the body is undercharged, 
the de^iency of fluid will be greater near the surface than near 
the centre, and the matter near the surface will be entirely 
deprived of fluid. It is likely too, if the repulsion is inversely 
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as some higher power of the distance than the square, that all 
parts of the body will be undercharged: if it is inversely as the 
square, that all parts, except near the surface will be saturated, 
and if it is inversely as some less power than the square, that all 
parts, except near the surface, will be overcharged. ^ 

Prop. H). Let the bodies ’ a and d (fig. 5), communicate with 
each* other, by the canal ef ; and let* one of themj^^as r>, be over- 
charged; the other body \ wilhbe so also. For as the fluid in 
the canal is repelled by the redundant fluid in d, it is plain, that 
unless A was overcharged, so as to balance that repulsion, the 
fluid would run out of n into a. In like^ manner, if one is under- 
charged, the other must be so tf)o. 

Prop. IJ. Let the body a (fig. 6) be cither saturated or over 
or undercharged ; and let tlie fluid within it be in equilibrio. 
Let now the bocly k, placed nei^r it, be rendered overcharged, 
the fluid within it being supposed immoveable, and disposed in 
such manner, that no part of it shall be undercharged ; the fluid 
in A will no longer be in equilibrio, but will he repelled from b; 
therefore the fluid will flow from those ])arts of a which are 
nearest to n, to tliose which are more distant from it ; and con- 
sequent’ y the part adjacent to mn (that part of the surface of a 
w’hich is turned towards b) will be made to contain less electiic 
fluid than it did before, and that adjacent to the opposite surface 
Ks will contain more than before. 

It must be observed, tfiat when a suflicietit quantity of fluid 
has flowed from mn tow'ards rs, the repulsion which tlie fluid 
in the part adjacent to mn exerts on the rest of the fluid in a, 
will be so niucli weakened, and the repulsion of that in the 
yiart near ur> wdll be so much increased, as to compensate the 
repulsion of u, which will prevent any more fluid flowing from 
MN to Hs. The reason why he supposes the fluid in b to be 
immoveable, is, that otherwise a question might arise, whether 
the attraction or repulsion of the body a, might not cause such 
an alteration in the disposition of the fluid in b, as to cause 
some parts of it to be undercharged ; wliich might make it 
doubtful, whether u did on the whole repel the fluid in a. It 
is evident however, that this proposition would liold good, 
though some parts of b >verc undereharged, provided it did on 
the whole repel the fluid in a. 

Coral. If B had been made undercharged, instead of over- 
charged, it is plain that sonic fluid wmuld have flowed from the 
farther part iis to the nearer part mn, instead of 1‘rom mn to rs. 

Prop. 12. Let us now suppose that the body a communicates 
by the canal ef, with another body i>, placed on the contrary 
side of it from b, «is in fig. 5 ; and Ic’t these two bodies be either 
saturated, or over or undercharged ; and let the fluid within 
them be in equilibrio. Let now the body n be overcharged; it 
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is plain that some fluid will he driven from the nearer part mn 
to the farther part rs, as in the former proposition ; and alAo 
some fluid will be driven from m, through the canal, to the 
body D; so that the quantity of fluid in d will thus be 
idfcreased, and the quantity^ in a, taking the whole body toge- 
ther, will be diminished,* the quantity in the part near mn will 
also be tliminished : but whether the quantity in the part liear 
RS will be dinnnished or not, does not appear for certain ; but 
Mr. C. imagines it would be not much altered* 

CoroL In like manner, if d is made undercharged, some fluid 
will flow from d to a, aqd also from that part of a near ns, to 
the part near mn. 

Prop. 13. Suppose now that the bodies a and d communicate 
by the beht canal MPNwpm (fig. 7), instead of the straight one 
EF ; let the bodies be either saturated or over or undercliarged, 
as before ; and let the Hu id be at rest ; then if the body b is 
made overcharged, some fluid w'ill still run out of a into n ; 
provided the repulsion of b on the fluid in the canal is not 
too great. 

The repulsion of n on the fluid in the canal, will at first drive 
some fluid out of the leg into a, and out of svpn into n, 

till the quantity of fluidin that part of the canal which is nearest to 
B is so much diminished and its repulsion on the rest of the fluid 
in the canal is somuch diminished also, as to compensate the repul- 
sion of B : but as the log np/;r is longer than the other, the repul- 
sion of B on the fluid in it will be greater; cons€*([uently some fluid 
will run out of a into d, on the same print iple that w\'iter is 
drawn out of a vessel threugh a syjflioTi : but if the repulsion of 
B on the fluid in the canal is so great, as to drive &11 the fluid 
out of the space GViipG, so that the fluid in the leg MC/>r« does 
not join to that in NHpw ; then it is ]»lain tliat no fluid can run 
out of A into I) ; any more than Avater wdll run out of a vessel 
through a syphon, il’ the height of the bend of the syphon 
above the w'ater in the vessel, is greater than that to which 
water will rise in vacuo. 

CoroL If B is made undercharged, some fluid will run out 
of D into A ; and that though the attraction of b on the fluid in 
the canal is ever so great. 

Prop. 3 4. Let abc^ fig. 8, be a body overcharged Avith im- 
moveable fluid, unil*orm!y spread ; let the bodies near abc on 
the outside be saturated Avith immovable fluid ; and let n be a 
body inclosed within arc, and communicating by the canal dg 
with other distant bodies saturated with fluid ; and let the fluid 
iti D and the canal and those bodies be moveable ; then will the 
body V be rendered undercharged. 

For let us first suppose that d and the canal are saturated, 
and tliat i> is nearer to b than to the opposite part of the body 
c ; jthen will ail the fluid in the canal be repelled from V by the 
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redundant fluid in abc ; but if d is nearer to c than to b, take 
the point f, such that a particle placed there would be repelled 
from c with as much force, as one at d is repelled towards c ; 
the fluid in df, taking the whole together, will be repelled 
with as much force one way as the other, and the fluid in Pg 
is all of it repelled from c therefore? in both cases the fluid in 
the canal, taking the whole togetheis is repelled from c ; con- 
sequently some fluid will run oyt of d and the ‘canal, till the 
attraction of the unsaturated matter there is sufficient to balance 
the repulsion of the redundant fluid in abc. 

Prop, 15. If we now suppose that the fluid on the outside of 
ABC is moveable ; the matter adjacent to abc on the outside 
will become undercharged. Mr. C. sees no reason however to 
tliink that that w'iil prevent the body d from being under- 
charged ; but he cannot say ej^actly what effect it will have, 
except when abc is spherical, and the repulsion is inversely as 
the square of the distance; in tliis case it appears, by prob. 1, 
that the fluid in tlie part db of the canal will be repelled from 
c, with just as rrmch force as in the last proposition: but the 
fluid in the part uo will not bo repelled at all: consequently n 
will be undercharged, but not so much as in the last proposition. 

Carol, Tf ABC is now supposed to be undercharged, it is cer- 
tain that i) will be overcharged, provided the matter near abc 
on the outside is saturated wdth immoveable fluid ; and there is 
great reason to think that it will be so, though the fluid in that 
matter is moveable. ^ 

Prop. Id. Let aefb, (fig. 0), be a long cylindric body, and d 
an undercharged body ; and let the quantity, of fluid aefb be 
such, that the part near ef sliall be saturated. It appears, from 
what has been said before, that the part near ab will be over- 
charged ; and moreover there will be a certain space, as Aabn, 
adjoining to the plane ab, in which the fluid wdll be pressed 
close together ; and the fluid in that space will press against the 
plane ab, and will endeavour to esca])e from it; and, by prop, 
2, the two bodies will attract each otlier : then the force with 
which the fluid presses against the plane ab, is very nearly the 
same wdth whicli the two bodies attract each other in the 
direction ea ; provided that no part of aefb is undercharged. 

Su]iposc so much of the fluid in each part of the cylinder, as 
is sufficient to saturate the matter in that jJart, to become solid ; 
the remainder, or the redundant fluid remaining fluid as before. 
In this case the pressure against the plane ab must be exactly 
equal to that with which the two bodies attract each other, in 
the direction ea : for the force wnth which d ^attracts that part 
of the fluid which we supposed to become solid, is exactly equal 
to that with whick it repels the matter in the cylinder ; and the 
redundant fluid in mabr is at liberty to move, if it had any ten- 
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dency to do so, without moving the cylinder ; so that tlie only 
thing W'liich has any tendency to impel the cylinder in the direc- 
tion EA, is the pressure of the redundant fluid in a«5b against 
AB ; and as the part near ef is saturated, there is no redundant 
flhid to press against the j>lane ef, and thus to counteract the 
pressure against ab. Suppose now»all the electric fluid in the 
cylinder to become fluid ; the force with wliich the two bddies 
attract each oflier, w'ill remain /exactly the same ; and the only 

{To he concluded in next number f ivilh a jylate)^ 


On the Principles of Elcciro-J^agnciical Machines. By Pno- 
FEsson Jacobi, of St. Petersburgh. 

I have the honour to present to the British Association an 
historical sketch of the law's which regulate the action of electro- 
magnetic machines, laws which will enable us to determine in a 
precise manner the important question, of the application of this 
remarkable force as a moving power. Since the commence- 
ment of my labours, which had partly a puri'ly practical ten- 
dency, I proposed to myself to fill up as much as possible the 
blank which still remained in our knowledge of electro-mag- 
netism. With the assistance of M. Lenz, I prosecuted those 
labours, which were the more arduous as they had but few 
precedents in the direction which J considered it ^jecessary to 
follow, and w’e began to examine carefully the laws of electro- 
magnets. The report, which contains the results of our 
researches, W'as read in June 183H, before the Academy of 
Sciences at St. Petersburgh. I take the liberty of repeating 
here very briefly, the contents of this first report. The problem 
which we sought to determine may he stated as follow.s r Jf a 
nucleus of malleable iron and a voltaic battery of a certain sur- 
face is given, into what number of elements should this surface 
be divided } what should be the thickness of the W’ire of the 
helix which surrounds the nucleus ? and, lastly, what number 
of turns should Ibis l^elix have, in order to produce the greatest 
amount of magnetism } I will not dilate here upon the manner 
in which we have proceeded, or upon the degree of certainty 
which belongs to the law’s established according to our observa- 
^ns. I take the liberty of appending to this statement the 
xieport in questiori, and w’ill proceed to explain the particular 
laws : 1st. The amount of magnetism engendered in malleable 
iron by galvanic currents, is in proportion to*^he force of those 
currents. 2ndly. The thickness of the wdre twisted into a helix, 
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;tH(l siUToiuiding a rod of iron, is absolutely of no consecjuence, 
j^rovided that the helix have the same number of turns, and the 
current be of the same force.* This law extends also to the case 
in which ribbons of copper are employed instead of wire. 
Nevertheless I must notice, that in order to obtain a current pf 
ec|ual force, it is necessary to emplay a voltaic apparatus of 
grealer force, if small wires^ which offer a greater resistance are , 
employed. 3rdly. If the current remain the same, the influence 
which the diameter of the heli< exercises may be neglected in 
the majority of practical cases. 4thly. The total action of the 
electro-magnetic helix upon the rod of iron, is equal to the sum 
of the effects produced by each coil separately. Adopting these 
laws, and submitting them to calculation according to the for- 
mula of M. Ohm, the importance of which formula has but 
lately begun to be appreciated by some British philosophers, we 
have established tlxe formula which contains all the particular 
conditions required to obtain the maximum amount of magnet- 
ism, which may be expressed in the following extremely simple 
manner, viz. the maximum of 7nagnetism is abrays obtained ndien 
the total re.sisfance of the condnelin wiroy ichich forms (he helix, 
is equal to the total resistanec o f the pile. On referring to the 
remarkable law of the definite action of the galvanic current, 
established by Mr. Faraday, it is found that the uiagmetisra of 
malleable iron divided by the consumption of zinc, — a quantity 
which we have called economic effect, is with reference to tb<i 
maximum of this magnetism, a constant, or an expression into 
which neither the thickness of the wire nor the number of the 
t'lements into which the total given surface of the battery is 
divided enters, but only the total thickness of the envelope. 

Having f^iislied these first researches, and having obUiined 
these results, which were highly satisfactory, not only for their 
simplieity, but also for their practical value, we set about ex- 
tending our inquiries to iron rods of different dimensions. Is 
there, it may be asked, any specific effect produced by the length 
or tliickncss of the nucleus? or does the degree of magnetism 
solely depend upon the construction of the helix, and the force 
of the current? The solution of this new problem presents a 
greater difficulty than the problem wliich we had succeeded in 
completely solving. Now, we are obliged to take iron rods of 
different dimensions, and, consequently, in all probability of 
different (jualities. Similar conditions wi’th reference to the 
action of the electro- magnetic helices are likewise difficult to 
obtain ; and we soon perceived that these circumstances ren- 
dered it impossible to attain so close an accordance, as that 
which we had obtained in our former observgtions. Altliough 
these experiments were made two years ago, the results have not 
yet been published, because, being occupied with other labours, 
we have not been able to find the necesssary time for their re- 

* This inference is at rariance with experiment.— »E dit. 
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duction and arrangement, and for the requisite calculations 
Nevertheless I take the liberty of presenting to the Section some 
results, which are not devoid of interest, and which are inti- 
mately connected with the question of electro-magnetic ma- 
ctiines. We submitted nine cylinders of malleable iron, each 
eight inches in length, a«»d of different diameters, from three 
inches down to one-third pf an inch, to the action of a vqltaic 
current of the same force in each case, and we obtained the 
amount of magnetic force reprdfeented in the following table. 


Diameter 

Magnetism 

Magnetism 

of the rods. 

observed. 

calculated. 

3 

•* 447 

442 


37 S 

376 

2 

308 

310 

. 

246 

.214 

1 


178 


158 

1 56 

f 

142 

135 

i 

112 

113 

t 

87 

in 


This catCulation has been made according lo the formula 
IS 1.75d-}-46.75, it which the constants have been obtained 
by the method of the least squares. Ihe differences between 
calculation and observation, are not so large that they cannot 
be attributed to the inevitable errors of observation, and to 
circumstances inherent in the qualities of iron, &c. A similar 
agreement is found betw'een other observations, which we shall 
describe in the report itself. I think, therefore, w'c may admit 
the following law, namely, that the tnnount 7tiag?u’lism 
received hy different iron rods of the suine leinjih, and sutnnitted 
to the influence of a current o^ the barnc forecy is pj oportiomil to 
the diameter of the I’ods. I must rem.ark, that the constant 
which we have added in the hirniula dej^ends upon the mag- 
netic influence whicli the helix exercises, independently of the 
nucleus of iron which it incloses. I'he practical consequences 
which may be deduced from this remarkable law are of consi- 
derable importance. Among these, however, 1 will at present 
mention only the following. Having found that the amount of 
magnetism is proportional to the surface of the malleable iron, 
and taking into account the quantity of iron employed in the 
electro-magnets, it is ascertained that it is more advantageous 
to employ in the construction of electro-magnetic machines, 
rods of small instead of large dimensions; or rather hollow iron, 
in accordance with my own experiments of 1857* wiiich are 
found in Taylor’s Scientific Memoirs,'* vol. ii. &c. I cannot 
pass over in silence the experiments of Prof. Barlow, who, as is 
well known, proved a long time before that the induction of 
the. terrestrial magnetism upon malleable iron, depends only 
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U}ion the surfaces, and is almost independent of the thickness. 
In order to ascertain the law of electro-magnets of different 
lengths, M. Lenz and I undertook numerous and laborious 
observations, which were extended even to rods of thirteen fept 
ill length, aiid keeping in view at thp same time the determi- 
nation of the particular distribution of magnetism in the rods. 
Among these observations I shall only refer to « such as seem 
most applicable to electro-magnetic machines, and which have 
yielded results as simple as unexpected. The following table 
contains the results of some observations made with rods of the 
same diameter, but of different lengtl^, covered with electro- 
magnetic helices, and influenced by a current of the same force. 
M being the magnetism of the extremities, and n the number 

M 

, of the coils of the helix, we have — == jr, a formula according 

n 

to w'hich we may calculate the numbers contained in the third 
column. The numbers in the fourth column are deduced from 
a series of other observations, made with the same helix of i)60 
turns, whicli did not cover the whole length of the rods, but 
were collected at the extremities only, where they occupied a 
space of about two inches in length. The helices being the 
same in all the observations, it was only necessary to divide the 
magnetism of the extremities by 9^i0, in order to find the 
numbers of this column. 


Tafjfe oj' Kxperimenis upon (he Magnetic Forces o f Rods qf 
dijj't rcni irrtglhs. 


ixMllflll of tho* 

Nmn^ier of 

I Mean Value of Uno 

1 (’oil,* if the iiflix 

; Mean Value of Un 
1 Coil, if the Helix 

Hods in ft. j 


i occupies tlio whole 

1 occupies only the 

3 ! 


: length. 

7,334 

! extremities. 

7,5()0 

2\5 ; 

789 

1 

7,264 

2 * 1 

()34 

7,402 

(>,871 

1.5 1 


1 7,880 I 

7,491 

1 

S15 

7,847 

1 , 7,573 

0.5 ' 

1 05 

7.760 1 

1 7,C91 



7,557 : 

: 7,4-08 


From these numbers, it \yll be seen that the influence of one 
coil of the helix i.s nearly the same for a>l tlie rods, and that 
their length does not exercise any specific influence. It is onljr 
in proportion to the iiiunber of the turns or revolutions, and to 
the force of the current, that the rods c;m acquire a greater or 
less amount of magnetism. The small rods even appear to 
have a slight advantage over large rods, since it has been found 
by experiments that the actual force of rods of three feet, bears 
to that of rods of half a foot the ratio of seventy-three to 
seventy-seven. It is also found, that there is a gain ol .se?vent 3 ’- 
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five to seventy-four when the whole length of tlie rods is 
covered, instead of simply collecting the same niunber of coils* 
around the extremities. The differences between the observa- 
tions and the simple laws are, as will be judged, quite inconsi- 
derable for practical puirposes, and will, in time, I hope, 
entirely disappear by a qomplete* integration embracing, the 
whole length .of the rods, and founded upon the effect of an 
elementary part of the currenf. I will now hasten on to the 
immediate object of my present address. In March 1839, M. 
Lenz and I presented to the Academy of Sciences at St. Peters- 
burgh, a repot t, which 1 shall presemt to the association. It 
contains the result of the experiments by which we have been 
enabled to establish the remarkable law, that the alt r actum of 
the elect rh-yna^nets is proportional to the square of the force of 
the galvitvie current ^ to the hifithoice of which the rods (if iron ore 
subynitfed. This law is of the highest practical im]>ortance, as 
it serves for the basis of the whole theory of electm-magneue 
machines. 

Before proceeding, I maybe permitted to make some remarks 
concerning an instrument which I laid before the Academy of 
Sciences, in the commencement of this year. It is destined to 
regulate the galvanic current, .‘ind is of value in many investiga- 
tions of this kind. During my sojourn in I^mdon, Professor 
Wheatstone lias shown me an instrument, tbnndcd on c.xaclly 
the same jjrinciples as mine, and with very inconsiderable modi- 
ficiitions and differences. Nows it is quite impossible that 1 k' 
should have had the least notice of my instrument ; but as Jt is 
probable that its use may be greatly <xtended, I must add, that 
while J have only nse<l this instrument for rcgulati'ug the forct' 
of the currents, he has founded upon it a new method of mea- 
suring these currents, anti of determining the different elements 
or cq^istants, which enter into the analytical expressions, and on 
whicli depends the action of any galvanic combination. It is 
jn-incipally to the measure of the electro-motive force, by those 
means, that Mr. Wlieat.stone lias directed in's attention ; and he 
has shown me, in his unpu.hli.siied papers, very valuable results 
u Inch lie has obtained by this method. 

While these purely theoretical researches \vere in progress, I 
did not fail, myself, to enter directly upon the <juestion of the 
practical application of electro-magnetism. Unfortunately, I 
cannot here give the details either of the experiments which I 
have made upon a very large scale, or of the machines and 
apparatus of various kinds which I have constructed. The 
necessity of multiplying the facts or tangible results— -a neces- 
sity the more urgent, because the practical applications of tliis 
force increased so very rapidly — fhis neccvssity, I say, has not 
allowed rne time or leisure to digest and arrange them. I can 
< rily here express my rcadines.s to affor?! an y exjjlanation of the 
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details which may be desired. I will, however, particularly 
notice the satisfactory results of the experiments made last year 
with a boat of twenty-ei^^ht feet in length and seven and a half 
feet in width, drawing feet of water, and carrying fourteen 
individuals, which was propelled upan the Neva at the rate of 
aboyt three English miles in the hgur. The machine, which 
occupied very little space, was set in motion by a battery of 
sixty-four pairs of platina plates, each having thirty-six square 
inches of surface, and charged according to the plan of Mr. 
Grove, with nitric and diluted sulphuric acid. Although these 
result may perhaps not satisfy the Exaggerated expectations 
of some persons, it is to be remembered, that in the first year, 
namely, in 1 8^58, this boat being ]>ut in motion by the same 
machine, and einjdoying 3^0 pairs of plates, each of *thirty-six 
square inches, and charged \vil5h sulphate of copper, only half 
this velocity was obtained. This enormous battery occupied 
considerable space, and the manipulation and the management 
of it was very troublesome. I'he judicious changes made in the 
distribution of the rods, in the construction of the commutator, 
and lastly, in the principles of the voltaic battery, have led to 
the successful result of the following year, 183.q. We have 
gone thus on -the Neva more than once, and during the whole 
day, partly with and partly against the stream, with a party of 
twelve or fourteen persons, and with a velocity not much less 
than that of tlie first invented steam-boat. 1 believe that more 
cannot be expected from a mechanical force, whose existence 
has only been known since 1 834,^when 1 made the first experi- 
ment at K<)nigsberg, in Prussia, and only succeeded in lifting a 
’weight of about twenty ounces, by even this electro-magnetic 
power. 

1 must, on the present occasion, confess frankly and without 
reserve, that hitherto the construction of electro-ina^ietic 
machines has been regulated in a great measure by mere trials ; 
that even the machines constructed according to the indisputable 
laws established with regard to the statical effects of electro- 
magnets, have been found inefficient, as soon as w e came to deal 
with motion. Being alw*ays accustomed to proceed in a legiti- 
mate manner, and feeling great regret at the irregular attempts 
•which were being made everywhere, w’ithoiit any scientific 
foundation, this state of things appeared to*me so unsatisfactory, 
that T could not but direct all my efforts to ascertain clearly 
the laws of these remarkable machines. I submit the formula^ 
restive to these laws, which appear to me to recommend them- 
selves as much by their simplicit}’’ as by the natural manner in 
which they develope themselves. Let R represent all the me- 
chanical resistances acting upon the machine, and r, the uniform 
velocity with which it moves : we have for the power or nie- 
♦ Sevornl Klertro-magoefio Knpioos ttiikIo before — Kdii . 
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chanical effect, the expression T = R Let » be the number 
of the coils of the helix which covers the rods ; z, the number 
of the plates of the battery ; B, the total resistance of the gal- 
vanic circuit ; E, the electro-motive force ; k, a coefficient, 
which depends on the arrangement of the bars, the distance of 
the poles, and the quality jof the iron ; we have then for the 
maximum of the mechanical effect 'which will be obtained, the 
expression— * 

For the velocity, which cvirresponds to this maximum, 

B 

II. 

• 

For the resistance noting upon the machines 

E« 

Lastly, for the? ccorioinic effect, / c. the duty or the mechanicid 
effect divided by the consumption of zinc in a given time,— 

.V, o-i- 


These formula* may be expressed in the terms: — 

1st, TVie maximum of mechanical effect which may be ob- 
tained from a machine, is proportional to the square of the 
number of voltaic elements, multiplied by the square of the 
electro-motive force, and divided by the total resistance of the 
voltaic circuit. There enters, moreover, into the formula, a 
factor, which I have designated and which depends upon the 
quality of the iron, the form and disposition of the. rods, and 
the distance between their extremities. The result is, thatwdth 
reference to some other investigations, which I have made of 
voltai^llpombl nations, and under similar conditions, the use of 
platinum and zinc, the resistance being the same, wdll j)roduce an 
effect two cr three times greater than the use of copper, zinc. 


2nd, Neither the number of the coils of the helix wdiich covers 
tlie rods, nor the diameter or the length of the rods themselves, 
has any influence upon the maximum of the powder. It results, 
therefore, that neither by adding to the length or diameter of 
the rods, nor by employing a greater quantity of wire, can the 
power be increased. "I' here is, how’ever, this remarkable fact, 
that the number ot coils disappears from the formula, simply 
because the force of the machine is in a direct ratio, and the 
velocity is in an inverse ratio, to the square of this number. It 
is thus that the number of coils, the dimensions of the rods, 
and the other constituent parts of an electro-magnetic machine, 
should be considered simply as occupying the range of the 
ordinary mechanisms which serve for the transmission or trans- 
formation of the velocity, without increasing the available 



Ih'itiuh Association Proceedings. 15 g 

power. So it would be possible to use, instead of the ordinary 
wheelwork, rods of greater or less length, or a greater or less 
quantify of wire, in order to establish between the force and 
the velocity, the relation which the applications to manufacturing 
processes may require. 

3rd, The mean attraction of the magnetic rods, or the pres- 
sure? which the machine can exert, is proportion^ to the square 
of the current. This pressure is indicated by the galvanometer, 
which in this manner performs the function of the manometer 
of steam engines. 

4th, the economic effect, *, c. the duSy or the available power, 
divided by the consumption of zinc, is a constant quantity, 
which is expressed most simply by the relation between the 
electro-motive force and the factor kj which has been previously 
. noticed. I may here repeat, what I stated elsewhere, that by 
employing platinum instead of copper, the theoretical expenses 
may be reduced in the proportion of nearly 23 to 14. 

3th, The consumption of zinc, which takes place while the 
machine is at rest, and does no work at all, is double that 
which takes place, while it is producing the maximum of 
power. 

I consider that there will not be much difficulty in determin- 
ing with sufficient precision the duty of one pound of zinc, by 
its transformation into the sulphate, in the same manner that 
in the steam-engine, the duty of one bushel of coal serves as 
a measure to estimate the effect of different combinations. 
The future use and application of electro-magnetic machines 
appears to me quite certain, especially as the mere trials 
and vague ideas which have hitherto prevailed in the con- 
struction of these machines, have now at length yielded to the 
precise and definite laws which arc conformable to the general 
laws which nature is accustomed to observe wdth strictness,when- 
ever the question of effects and their causes arises. In view ing 
on the one hand a chemical effect, and on the other a mecha- 
nical effect, the intermediate term scarcely presents itself at 
first. In the present case, it is magneto-electricity, the ad- 
mirable discovery of Fsyraday, which we should consider as the 
regulating power, or, as it may be styled, the logic of electro- 
magnetic machines. 
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Report of the commillec, (Sir X Herschel, Mr. WhervelU 
Mr. Peacock f and Prof. Lloyd tj appointed to draw up plans of 
scientific co-operation relating to the subject of Terrestrial 
Magnetism. 

In consequence of theMieasures adopted, as detailed in the 
last report of the committee (A/k. No. 620 ), a very extensive 
system of ma'gnetical corresppnding observations has been 
organized, embracing between thirty and forty stations in 
x-^arious and remote parts of the globe, provided with mag- 
netometers and every requisite instrument, and with observers 
carefully selected, and dbmpetent to carry out, at most, if not 
all the stations, a complete series of two-hourly observations, 
day and Qtght, during the whole period of their remaining in 
activity, together with monthly term observations, at intervals 
of two minutes and a half. Of these observatories, that at 
Dublin, placed under the immediate superintendence of Pro- 
fessor Lloyd, has been equipped and provided for by the 
praiseworthy liberality and public spirit of the University of 
that metropolis — ^those at Toronto, the Cape, St. Helena, and 
Van Diemen’s Land, as also the two itinerant observatories of 
the Antarctic Expedition, by the British government — those of 
Madras, Simla, Sincapore, and Aden, by the Hon. East India 
Company -to which are to be added ten stations in European 
and Asiatic Russia, and one at Pekin, established by Russia — 
two by Austria, at Prague and Milan — two by the Universities 
of Philadelphia and Cambridge, in the United States — one by 
the French government, at Algiers — one by the Prussian, at 
Breslau— one by the Bavarian, at Munich — one by the Spanish, 
at Cadiz — one by the Belgian, at Brussels — one by the Pasha 
of Egypt, at Cairo — and one by the Rajah Travancore, at 
Trevandrum, in India. In addition to this list, it has recently 
also been determined (at the instance of the Royal Society) by 
the British government to provide for the performance of* a 
series of corresponding observations, both magnetic and me- 
teorological, at the Royal Observatory at Greenwich, under the 
able superintendence of the Astronomer Royal. At Hammer- 
fest, also, in Norway, negotiations have been for some time 
carrying on for establishing an observatory of a sijnilar descrip- 
tion, in which M. Hansteen has taken an especial interest. A 
great number of m.?gnetic and other instruments available for 
this service, it appears, have been leR at Kaafiord by M. Gay- 
mard, acting for the “ Commission Scientifique du Nord," 
under the directions of the French Ministry of the Marine<-«-a]l 
which instruments, through the efficient intervention of M. 
Arago, it is understood, will be placed at the disposal of the 
observer or observers who may be appointed to conduct the 
observations. To complete the establishment, how^ever, certain 
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instruments, as well as registry-books, &c. are still requisite. 
The council of the Royal Society have undertaken to supply 
these from the Wollaston Donation Fund. — As regards the 
magnetic observatory at Breslau, under the direction of M. 
Bogu slaw ski, your committee have to report, that in ordef to 
secure the establishment of that staCibn, and to place it on an 
equal footing with the rest, certain instruments, &c. required 
to be provided, for which no .funds existed or could be made 
available on the spot, viz. — a bifilar and a vertical-force mag- 
netometer, with the requisite reading telescopes, and a set of 
registry-books. — As, owing to the actual circumstances of that 
observatory, there appeared no pros\)ect of these requisites 
being otherwise supplied — as the station appeared to your Com- 
mittee a desirable one, and as M. Boguslawski was w^illing and 
desirous to lend his aid to this great combined operation, by 
taking on himself the laborious duty of conducting the obser- 
vations, your Committee conceived, that although possibly 
transgressing, in some degree, the strict wording of their 
powers, tJiey were only acting up to their spirit in devoting a 
portion (£l85.) of the funds placed at their disposal to supply- 
ing them, at the expense of the Association. Unwilling to 
claim any privilege or establish any precedent for the smallest 
deviation from the strict literal interpretation of a money grant, 
your Committee suggest to the meeting the propriety of ratify- 
ing, by an express act of recognition, their application of the 
above mentioned sum. A letter from M. Boguslawski, dated 
the 22nd of July, ISIO, announces the safe arrival of the in- 
struments and books in question, and the consequent complete 
state of iiistrumcntiil equipment of the Breslau observatory, ex- 
pressing, a# the same time, his sincere thanks for the assistance 
accorded him.— ^By returns from the several stations authorized 
by the British government, so far as yet received, it appears, 
that the Observatories at the Cape and St. Helena might be 
expected to be complete and ready for the reception of the 
instruments in May. From Van Diemen’s Land, no accounts 
Jiave yet been received. At Toronto, where the greatest delays 
and ddficulties were to be expected and have been experienced, 
the observatory was so far advanced at the date of Mr. Uiddeirs 
last communication, as to leave no doubt of its completion in 
time for the regular observation of the August term. Mean- 
while, in this, as at the other stations, all observations practicable 
under the actual circumstances of each are made and regularly 
forwarded ; and here your Committee would especially call 
attention to the extremely remarkable plienomena exhibited at 
Toronto on the 29th and 30th of May, when, by great and 
good fortune, a most superb aurora appeared at the very time^ 
of the term observations — (see table of the terms. Report of. 
Council of It.S., p. 38.) The phenomena of this aurora (which 
was remarkable <br the extent and frequency of the puhattny 
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waves alluded to in that part of the report above cited^ (p* 47) 
relating to this subject are very minutely and scientifically 
described by Mr. Iliddell. But what renders the occurrence 
presently interesting is the fact, that during the whole time of 
tbb visible appearance of this aurora on the night from the 29th 
to the 30th, as well as for some hqprs previous, while it might 
be presumed to be in progress, though efiaced by daylight^ all 
the three magnetical instruments were thrown into a state of 
continual and very extraordinary disturbi^cc. In fact, at 6Ii. 
25m. in the morning of the 29th, the disturbance in tlie mag- 
netic declination during a single* minute of time carried the 
needle over ten minutes^f arc ; and during the most brilliant 
part of the evening's display (from 3h. 26m. Gdtt. m. t. to 4h. 
35m.,) the disturbances were such as to throw the scales of 
both the vertical and horizontal force magnetometors out of the 
field of view, and to product a total change of decimation, 
amounting to 1 59’* It should also be remarked, that the 
greatest and most sudden disturbances were coincident witli 
great bursts of the auroral streamers. The correspondence or 
want of correspondence of these deviations with the pertur- 
bations of the magnetic elements observed in Europe and 
elsewhere on the same day, cannot fail to prove of great in- 
terest Should it fortunately liave happened that Captain 
Boss has been able to observe that term at Kerguelen’s 
Land, which is not very far ii1>m the antipodes of Toronto, an 
indication will be afforded whether or not the electric streams 
producing the aurora are to be regarded as diverging from one 
magnetic pole or region, and converging to another. — Your 
Committee cannot conclude this report, without congratulating 
the Association and the scientific world in general on the exten- 
sive interest inspired, and the vast range of observation conse- 
quently embraced by tlvis operation, wdiich, so far as any ac- 
counts have hitherto reached them, appears to be going on 
prosperously in all its parts, and lo promise results fully an- 
swerable to every expectation of its promoters. Neither would 
they feel justified in their own eyes, were they to omit express- 
ing their deep and grateful sense of the indefatigable' personal 
exertions of Major Sabine throughout the whole of the progress, 
both in carrying on a most voluminous correspondence, in 
ordering, arranging, ond despatching instruments, and facilitat- 
ing, by constant attention and activity, those innumerable details 
which are involved in a combination so extensive —a combina- 
ti(m which, but for those exertions, your Committee are fully of 
opinion must have been greatly wanting in that unity of design 
and co-operation which now so eminently characterises it. 

Signed, on the part of the Committee, 

J. F. W. Hercuel. 

Prof. Forbes remarked on one point that appeared to him 
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important! The magnetic needle was known to be in a constant 
state of motion^ and it was heretofore supposed that these 
motions were exactly identical as to time all over at least the 
continent of Europe ; but now it appeared, that a test of tlys 
having presented itself on the occasipp of the unusual disturb- 
ance of the needle referred to, they were found not to be ex- 
actly synchronal. He then made some observations on the 
extraordinary auroral disturbances of the needle referred to. — 
Major Sabine read the following letter from M. Boguslaw- 
ski, director of the Magnetical Observatory at Breslau, received 
since the meeting had commenced : ^ 

Breslau, September '7th, 184<0. 

• 

My Dear Sir — I have tbp pleasure to inform you that 
during the last magnetic term, viz. on the 28th and 29th of 
August, I have made observations with the two magnetic instruments 
provided by the British Association. Notwithstanding the Mi- 
chaelmas term of oiir University has begun, I have succeeded 
in engaging and instructing a double number of observers, suffi- 
cient to place them at the declination magnetometer in the 
magnetic cabinet, as well as at the horizontal and at the vertical- 
forco magnetometers in the great room of the Observatory. The 
observations hitherto made can, however, only be considered as 
observations of the magnetic variations, because there are several 
masses of iron fixed in the buildfngs. The prospect of obtaining 
a separate magnetic observatory being still distant, I feel myself 
highly indebted to Professor Lloyd for the assistance his paper 
On the Mutual Action of Permanent Magnets,” &c., has afforded 
me. By ihftse instructions, I have succeeded in effecting what at 
first seemed to be impossible, namely, to place the declination 
magnetoiiietor, the hi filar instrument, and the vertical force magne- 
tometer, ill the same room of the present magnetic cabinet, and to 
put them in equilibrium. How this is to be done by three small 
fixed subsidiary magnetic bars, I shall hereafter explain to Pro- 
fessor Lloyd, and, if he agrees with me, all these instruments will 
be placed iii the magnetic cabinet at the next term. However, I 
shall use for a declination magnetometer the second magnetic bar 
received with the horizoutal-torce magnetometer, instead of the 
present bar of four pounds, in order to obtain small correction- 
aonstants. I shall then expect- with paticnoe the establishment. of 
a proper magnetic observatory, so as to begin to make absolute and 
daily observations. • * (Signed) Henry von Boguslawski. 

Mt^or JEdward Sabine. 

Major Sabine also presented, at the request of M. Kupffer, 
director general of the magnetical observatories of Russia, 
several copies of a report addressed by that gentleman to the 
Imperial Academy of Sciences at St. Peterslnirgh, entitled. 
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Sur les Observatoires magnetiques fondcs par ordre dcs Gou- 
vernemens d’Angleterre et de Russie sur plusieurs points de la 
surface tenrestre/’ In this report, the Russian observatories, 
acting on the same system of observation, both magnetical and 
meteorological, as those o{^ngland, are enumerated as follows : 

Stations. Dlracteura. * ^ 

St. Peterebourg M. KupfFer'directeur general. 

Catherinebourg M. Roschkoj3* O 

Bamaoul M. Praiigo, ler > Ingenieurs dcs mines. 

Nertchinsk ... M. Prange^2eme3 

Kazan M. SimopolTl Direc tears des observatoires 

Nikolaieff. M. Knorre / asiroiioiniques. 

Tiflis M. Philadelpliinc, Professor an Gymnase. 

Sitka (C o^e N.0. 1 Hoinann et Fwanolli 
do 1 Amenque.) J , 

^ 1 M. Nervander, Prof, exlraor. a ^Ullive^sit^^ 

PeLn”7chine) ^ M. Gaschkevitsch [ cle la mission 

' ^ f ccclesiastique. 

A la station de Pekin nous aurons, si non autant d'observations 
que des autres stations, an inoins Ics observations les plus im- 
portantes. 

In reference to the aurora which had been seen at Toronto, 


in Upper Canada, on the 2b th of May, and to the mangetic 
perturbations by which its apjiearance bad bee« accompanied, 
the Asthonoaiek Royal stated, that the term day of the 2C)th 
and .30th of May had also been kept at the Royal Observatory 
at Greenwich, that an ’aurora w'as seen there also on the 2.qth 


and that the disturbances of the declination magnetometer 
exceeded in amount any wliich h.'id been observed there on 
previous occasions. Not having brought the observations with 
him, he could not state whether their comparison with the curves 
of the Toronto observatory, which Major Sabine had laid before 
ths Section, would manifest an accordance. between the disturb- 
ances at the two stations : a point of the highest interest as to 
the nature and extent of these perturbations. He was happy 
to inform the Section that her Majesty's Government had sanc- 
tioned the establishment of a ma^etic observatory at the Royal 
Observatory at Greenwich. He had lor some time had observa- 
tions made under his superintendence, and had observed some 
remarkable auroral disturbances of the needle, when the amount 
of the deflection had, as well as he remembered, exceeded 
The coincidences of these disturbances had not been 


exact ; at Greenwich, as in America, they had been found to 
occur earlier than those in places more to die east. One thing 
in the report had a peculiar interest to him, now that he was 
about to have a magnetic observatory under his own direction ; 
he alluded to the mode of placing the magnets, so as to produce 
the le^t mutual action. The three sm^l correcting magnets 
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he consideted to be a very useful hint ; these with Professor 
Lloyd's investigation, he conceived left little to be desired on 
the subject. However, he thought, after all, it would be well 
to establish tables by actual observation, showing the effect pro- 
duced on each magnet in all the p^itions ever assumed by 
eaclj of the others ; which* might \>e accomplished at a small 
expence of time and trouble compared with its importance. 

Dr. Lamont gave an account of the Magnetic Observatory of 
Munich, stating that the building had been undertaken in April 
this year, and that the regular series of observations, com- 
prehending both the two-liourly daily dbservations and the term 
day observations, was commenced on the 1st of August. The 
magnetic observatory of Munich differs in two respects from 
other establishments of the same kind. In the first place, it is 
not a magnetical house, but a sifbterrancan building, which is 
situated to the S.W. of the Royal Observatory, at a distance of 
about 120 feet, and connected with it by a subterranean passage. 
The depth of the magnetic observatory below the surface of 
the earth is 13 feet, thus affording the advantage of a tempera- 
ture nearly equal at all times of the year, and rendering the 
corrections applied to magnetic observations in order to reduce 
them to a fixed temperature — corrections which are in general 
subject to considerable uncertainty — if not unnecessary, at least 
sufliciently small to be determined with the utmost degree of 
accuracy. In the second place, the instruments are of greater 
dimensions than those usually employed in magnetic observa- 
tories, and may be considered as sufficient iii all respects for the 
most delicate investigations.. The magnetic bars weigh 251b. 
each ; the tjheodolite has a circle of 2 d feet diameter, and an 
achromatic telescope of 3-} inches aperture. It may be remarked, 
that the liorizontal-force instrument differs from the bifilar mag- 
netometer, the power that holds the bar in a direction perpen- 
dicular to the magnetic meridian, being that of a spiral spring. 
Besides the instruments fixed, there are portable instruments 
for making experiments with bars of ^Ib, 1 lb, 4ib, 1 Olb, and 2olb. 

Professor Forbes considered the plan of obtaining a uniform 
temperature excellent. The elimination of changes of temper- 
ature from the results he considered would be found 'highly 
desirable in other delicate observations as well as ill 'magnetical ; 
thus, in the late attempt to repeat Cavendish's experiments to 
determine the mean density of the earth, with all the exactness 
which the modem refinements in observing afforded, he believed 
Mr. Baily had been obliged to abandon them from the anomalies 
developed, chiefly, he believed, by changes of temperature. 

Dr. Lamont gave a general statement of the system of Me- 
teorological Observations carried on in Bavaria. The Royal 
Observatory of Munich constitutes the central establishment, 
and has the sruperintcndeiicc of all meteorological observations 
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made under public authority. There are meteorological ob- 
servations at Ratisbon, Augsburg^ and Hohen-Peissenberg> the 
latter being situated on the summit of a mountain 3^000 feet 
atiove the level of the sea. Besides^ meteorological observations 
are registered partly by xii^mbers of the Royal Meteorological 
Society, partly by person^ appointed by government, at^60 
towns and villages in Bavaria. The observations thus obtained, 
though not equally complete, some of tliem being registered 
only once, some twice, and but a comparatively small number 
three times a day, will be found extremely valuable for the 
purposes of meteorology# Hourly observations of the baromoter 
and thermometer have been in^de at the Royal Observatory of 
Munich since May 1838, by means of accurate registering in- 
struments, constructed on a new principle. Dr. Damont, in 
mentioning this extensive system of observations, referred for 
the results and further particulars, to the annual publications 
of the JRoyal Observatory of Munich, and concluded by re- 
martcing that the great object of meteorology was to find the 
causes from which the changes in the atmosphere arise — to 
trace the propagation of these changes from one place to another, 
and the modifications they undergo on their w'ay — to show what 
relation exists between the ^tate of the atmosphere at different 
parts of the globe, and how the changes at one place depend 
upon or are connected with simultaneous or preceding changes 
at another. This, he said, can only be attained by combining 
observations made in different countries after a general and 
uniform system. In n>entioning the extensive observations 
carried on in Bavaria, it was his intention to show how far a 
general system w-as likely to be supported in that part of Ger- 
many, and to express the hope that such a system will be 
introduced at no distant period, perhaps by the same Associa- 
tion by whose exertions a similar system of magnetic obser- 
vations has now sosuccessfully been carried into effect. 


jTo //lo Editor oj the Ajinals of Electricity. 

Sir, 


If you should be of opinion that the following description of 
what I conceive to be a new variety of electro-magnet, would 
be acceptable to th^ rcfuiers of yopr Scientific Journal, you 
will, by inserting it in your next publication, oblige 
Yours, very respectfully. 


atlas Works, 

M«oobe«ter, Janaory $5th, 1841. 


RICHARD ROBERTS. 


Towards the close of November last^ whilst reflecting on the 
progress of electro-magnetism, it occurred to me that as the 
power of an -electro-magnet depends in a considerable degree 
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oil the extent of area of the face of the magnet in contact with 
the armature, provided the whole of that area be properly ex- 
cited ; — that a magnet having a aeries of grooves in its surface, 
into which the conducting wire shall be coiled ; would, pn 
being connected with a battery, be ^ excited. 

I therefore, as soon as tjonvenient, made a small magnet, 
witH which, on the l6th of December, you were so kind as to 
put my hypothesis to the test-of experiment, when the result 
seemed to prove the correctness ot the view which I had taken. 

Kneouraged by the degree of success that attended my first 
experiment, I made a second knagnet, df which the accompanj^- 
iiig drawings and description will convey a tolerable correct idea. 

Uefercnce to the figures, — fig. 2, jdate 1, is a view of the face 
of the magnet : fig. 3, is a side view taken at a : fig. 4, is a side 
view taken at b: fig, [5, is a side view of the armature: 
and fig. 6, is a side view of the armature taken at right angles 
to fig. 3* 

The magnet is 2 and 7-l6ths inches thick, and 6 and 5-Sths in- 
ches square, on its face, into which are ]>lanecl (at equal distances 
from each eiher across its surface) four grooves, one and a 
quarter inches deep, and nearly three-eighths of an inch broad ; 
into these grooves was coiled, tliree-fold deep, a bundle of thirty- 
six copper-wires. No. 1 8's on the wire guage, wrapped with 
cotton tape, to prevent contact with the iron, as shown in figs, 
2, 3, and 4, plate 1 (the wires having no insulation from each 
other). 

The magnet, with the conducting wire, weighs 35lbs. 

The armature is one and a lialf inches thick, and the same 
size as the magnet on the face : its weight is 23lbs. 

The upper side of the iron which constitutes the magnet, is 
formed into an eye, or bow, shown at figs. 3 and 4, by which 
the whole is suspended. 

The eye on the back of the armature is formed in like 
manner. 

My first magnet and its armature were similar to 
those pist described, except that the bow on the back of each 
was attached by four screws. The magnet was 1 and 7-16 inches 
thick, and 6|. inches square on its face, into which were planed 
8 grooves one quarter of an inch broad, and seven-eighths of an 
inch deep, for the reception of the copper-conducting-wdre, 
which was nearly a quarter of an inch in diameter, covered with 
cotton tape, and coiled three-fold deep. The magnet, with the 
conducting- wire, weighs 18 jib. The armature is 11-16 inches 
thick, and the same size on the face as the magnet. 

The battery employed with both magnets consisted of eight 
pairs, the jars of which were of cast-iron ; each side of the 
zinc, of each jar, presenting an area of about 50 square inches. 
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The load sustained by the small magnet in the experiment 
ngiade on the 1 6th December, was 845lb., in a few days after, 
the experiment wa« repeated with a better insulated conductor, 
lichen the magnet sustained pOllb.* 

The load sustained bj Ae second magnet in the experiment 
made on the 1 4th of this month, was 29d0lb., which 1 under- 
stand is more than has beeh sustained by any magnet on reford, 
although to some of them the batteries were very powerful. 

From these experiments it may be inferred that a magnet on 
the same principle, five feet square, and proportionately thick, 
would probably sustain ^ne hundred tons. 


Prize Volumes of the Annals of Electricity 

In order to stimulate and promote experimental inquiry, in 
the various departments of Flectricity and Magnetism, the 
Editor proposes to ofler prize volumes of the Annals, to those 
experimenters who may be most successful in the following- 
subjects : — 

1st. For a description of the most powerful, soft iron, or 
Electro-magnet, in proportion to the weight of the iron em- 
ployed in its structure ; which is not to be less than 1 01b. The 
voltaic battery employed w'ill be at the option of the exjKiri- 
menter ; and is to be described by him, with the manner oi* 
using it in the experiments w ith the soft iron magnet. 

i2nd. For the invention of an electrical-machine, more ])ower- 
ful, in proportion to size, than the usual plate or cylindrical 
form. A full description of the apparatus, with a suitable 
drawing, wnll be required. 

Srd. For an account of the most extensive and l>t?st conducted 
experiments of the electricity of the steam of boilers of high or 
low pressure engines ; with all the particulars respecting th(? 
character of the water employed in each boiler ; and such other 
particulars as may appear interesting. 

4 For the best mode of procuring Electro-type Plates, dif- 
ferent from those published. 

5 For the best paper on any branch of experimental research 
in Electricity or in Magncjtism. 

The prize for each of the above subjects will be Volume VI,, 
of the Annals of Electricity, Magnetism and Chemistry, &c.” 
bound, and gold lettered in the first-rate style, with a suitable 
emblem and motto. To be presented to the successful candi- 
dates, or their agents, (in London, if required,) on the first day 
of August, 1841. 

The communications on the above subjects are to be addressed 
to Mr. William Sturgeon, Boyal Victoria Gallery of Practical 
Science, Manchester, on or befbre the 1st day* of May, 1841. 

* • The conductor, in both these experiments, was a copper rod of a proper 
diameter to 6ll the grooves in the magnet. With a bundle of wires for the 
conduotor, and a larger battery, the magnet now carries 2()571b.s. — Enn. 
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LECTURE IV. 


Besides the phenomena hitherto pointed out, the pith ball 
electroscope is capable of displaying many others of a highly 
interesting character, some of which your notice : 

but for these purposes it will •be better to have a longer brass wire 
arnf than that we have hitherto used ;"aud, indeed, in some cases, 
we shall require two or more pitl»hall electroscopes to assist m our 
experiments. I>et us now again excite our smooth glass tube, by 
rubbina its surface with a piece of old black silk, observmg as 
before, that both the tube and the silk a/e dry and wMm. Let 
the now positive electric tube be held obliquely over the end of 
the brass arm of the electroscope, as shown in the figure. 1 he balls 



will diverse from one another as decidedly as in any of our former 
exneriments-, but there are several facts now to be e^ibited to 
wddcli I have not before alluded. Whilst the excited glass tube is 
in the position shown in the figure, let another similarly excited 
.n\.e be held obliquely over the other end of the brass arm of the 
plectrOTCope. The balls, instead of diverging farther from one 
..ooiher as in our former experiments, will now come closer to- 
irether ■' and by dexterous management of the two tubes, they may 
be made to collapse and hang as close together as if under no elecm- 
calTnfluence whatever; but if instead of anotller excited glass tu^, 
or negatively excited stick of seaHng wax be held over the opposite 
o^d of the metallic arm, the pith b^ls will diverge farther from 
one another than when they were under the electric influence of 
the lirst glass tube alone. 

These curious facts are very different to those exhibited in our 
former experiments, although, to a certain extent, we have employed 
tr^U mea^lLfor their production. When we before P/esenjed 
the positively excited glass tube, and tbe. negatively excited sealing 
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wax, to the arm of the electroscope, we found that thek electric 
forces tended to destroy each others action, as was shown by the 
collapsion of the pith balls, but in this case the forces of these two 
differently electrized bodies are seen to operate in concert, and thus 
assist each other in maintaining, the divergency of the- balls. We 
also observe, in this expeiiAfeiit, that when the electroscope is under 
the influence of the electrit forces of both the positively exdlted 
glass tubes at one and the same tixne, those forces tend to neutralize 
each others actigu, whereas by the former experiments two similar 
electric forces assisted each other in keeping the pith balls asunder. 

The mystery that nh-y probably ^appear to envelope tlj^e ex- 
perimental facts, will pailiy become dispelled, when we notice the 
very different positions in which the excited bodies were held, 
with respect to the metallic arm of the instrument, in the two sets 
of experiments ; although that observation alone will not satisfy 
the whole of your curiosity. You will, very naturally, want to 
know something about the cause of these apparently inconsisten- 
cies in the operations of the same species of electric force, and as 
it is here that we enter the inner portals of electric science, we 
must dwell a while on these matters, in order to explain them some- 
what niinutely : and it is here that we must call into requisition 
the force of electric repulsion, and avail ourselves of its powers to 
a greater extent than we have hitherto liad need for. It is in the 
])roduction of these phenomena also, that this formidable electric, 
force is most beautifully displayed, and conveys to the mind the 
surest and most satisfactory indications of its existence. 

When the excited glass tube is in an electro-positive condition, 
the redundant fluid on its surface, by virtue of its repulsive force, 
has a tendency to displace the fluid belonging to all surrounding 
bodies within the sphere of its action, even the electric fluid con- 
tained in the atmospheric air: and as the best conductors afford 
the greatest facilities for the motion of the fluid which they contain ; 
that portion naturally belonging to the metallic ann of the electro- 
scope became easily disturbed by the appi*oacU of the glass tube, 
whose electric forces repelled the greater part of it to the farther 
end of the metallic rod, where it accumulated and caused that end 
of the rod to be positively electrical, at the expense of the other 
end, which, in consequence, became defective, or negatively elec- 
trical. Hence you will understand, that in consequence of the dis- 
placement of a portion of its electric fluid, by the approach of the 
glass tube, the metallic arm of the electroscope was made to assume 
epposUely electric condltionH at its two extremities : negative at the 
end nearest to the tube, and positive at the other. When bodies 
are thus electrized, or in this electric condition, they are said to be 
electro-polar. If, instead of being insulated by the glass support, 
the metallic arm had been in metallic connection with the table, 
the displacement of its fluid would have, been more extensive, as 
would have been indicated by a greater divergency of the pith 
balls, for in that case it woidd not have been confined to the 
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metallic rod ; for a portion of it would have found its way to the 
table, or, perhaps, to the floor, where it would have been diffused 
in the general mA amongst the surrounding bodies. 

If we now approach the metallic arm of the electroscope by 
an excited stick of sealing-wax, in^^ce of the glass tube, the 
elec^'o-polarization of that part of the instrument will take place 
as decidedly as before , but we shall find, by the methods before 
described, that the divergent piljf-balls are now in an electro-posi- 
tive condition, which is contrary to their ei|:ctrical state, when the 
glass tube was used : hence the elcctro-pokrization of the metallic 
arm is now in the reverse order to iha^hich it assumed when 
under the influence of the electric forces of the glass. To under- 
stand how this occurs it will be necessary to bear in mind that, 
by virtue of its repulsive force amongst its ow)i particles, the 
chictric fluid, like all other elastic fluids, moves with the greatest 
facility in the direction of least resistance. Now, as the 
sealing-wax has lost a portion of its fluid by this means of excita- 
tion, it has a disposition to recover a similar quantity from those 
vicinal bodies which are within the sphere of its attractive forces : 
so tliat when presented to the metallic arm of the electroscope the 
wax not only draws towards it a portion of the electric fluid in that 
end of the ann to which it approaches, but at the same time, 
causes the electric rasista^iceio b.:Come much less in that direction 
than in any otluT : and therefore the fluid naturally belonging to 
the metal is constrained to accumulate in that end next to the wax, 
by the joint action of both the attractive and repulsive forces. 
Hence it is that the end of the metal arm next to the sealing-wax 
is electro-positive, and the other end electro-negative. 

We are n^w prepared to explain the reason of the pith-balls 
diverging more when the farther end of the metallic ann of the 
(jh'ctroscope was approached by an excited slick of ^sealing-wax, 
than whilst under the electric influence of' ll)e glass tube only. 
The negative wax, in (hat case, tended t*> draw the electric fluid of 
the metallic arm towards it, and consequently atlbided a less degree 
of resistance in that direction, than was ofl'ered in^auy other : and 
by thus diminishing the electric resistance at that end of the rod, 
the electric influence of the glass tube became assisted in dis- 
placing the fluid belonging to the vicinal end of the metal, and 
pressing it towards thti end nearest to the negative wax. Hence 
you will readily perceive, that the metallic conjiection with the table 
111 the one experiment, and the approach of the negative sealing- 
wax in the other, are but two diflerent modes of accomplishing the 
same thing, both serving to facilitate tlie departure of the electric 
fluid from that extremity of the metallic arm of the electroscope 
which was under the influence of the repulsive electric forces of 
the glass tube. 

Now, when another excited glass tube was presented to the 
opposite extremity of the metallic arm, its electric forces tended to 
prevent the fluid coming in that direction ; and when its powers 
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are equal to those of the first tube^ they exactly balance each 
other, which was the cause of the pith-balls collapsing on its 
approach to the electroscope. To manage this^xperiment, how- 
ever, requires some dexterity : for if the metallic arm of the electro- 
scope be of considerable length, say ten or twelve inches, and the 
two tubes be highly electrlf'and brought near to its two extremi- 
ties, they will polarizw the Inetal in such a manner as to be nf-ga- 
twe at the extremities and positive in the centre. And if you were 
to employ two sticks of sealing-^jx in a negative electric condi- 
tion instead of the glfesS tubes, the metallic arm would become 
electro-positive at the tw»(i extremities, and electro-negative at the 
centre. I will presently^ show you a slight modification of the 
oleetrosoope, by means of which these beautiful facts may very 
easily be shown. 

We must now employ a brass,.rod W, about ten or twelve indies 
long, suspended by two dry and clean silk lines, or threads of sew. 



ing silk. Or it may be supported by a thin glass stem at its centre. 
For a trial in private, the brass rod may be supported on al* clean 
and warm champaign glass. Two pairs of pith balls must also be 
used, one at each end of the rod, as seen in the figure. If an 
excited glass tube T, be presented to this simple piece^of apparatus, 
in the manner shown in the figure, the metal rod will become 
electro-polar upon the principles I have just before describ^^. 
The pith-balis diverge at both ends of the rod, and by examining 
them ^either by an excited tube of smooth glass^r by a negatively 
excited stick of sealing-w*ax, it is found that those next to the 
polarizing, tube T,are in an electro-negative condition, and the other 
pair in an electro-positive condition. If we were to hang a similar 
pair of pith-balls, to the centre of the brass rod, they would 
remain together, after a moment's slight agitation, which would be 
caused on the first approach of the glass tube T. Hence we learn 
* that, there is a zone«of the rod’s surface, about the middle part, 
which, during the time that it is electro-polar under these circum- 
stanees, that is perfectly neutral, being neither positively nor 
negatively electric. 

Errata. — Page 112, line 36, for " manifestations” read "mani- 
pulations.” 
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alteration in tlie pressure against ab, will be, that that part of 
the fluid in which we at first supposed solid and unable 

to ])rrss against the [)lane, will now be at liberty to press 
against it ; but as the density of the fluid, when its particles 
are pressed close together, may be supposed many times 
greater than Avhen it is no denser than sufficient to saturate the 
matter in the cylinder, and consequently the quantity of re- 
dundant fluid in Ar//;B many times greater than that which is 
required to saturate the matter in it, it follows that the* pressure 
against ab will be very little more than onMie first supposition. 

N.B. If any part of the cylinder is undercharged, the pres- 
sure ag.ainst ab is greater than the force with which the bodies 
attract. If the electric repulsion is inversely as the square or 
some higher power of the distance, it seems very unlikely that 
any part of the cylinder should be underchm’ged : but if the 
repulsion is inversely as some lower power tliah the square, it is 
not improbable but some part of the cylinder may be under- 
charged. 
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Lemma 7. Let ab, fig. 10, represent an infinitely thin flat 
circular plate, seen eclgewa^^s, so as to appear to the eye as a 
straight line ; let c be the centre of the circle ; and let DC, pass- 
ing througli c, be ])erpeivlicu)ar to the plane of the plate ; and 
let the plate be of niurftirtw thickness, and consist of uniform 
matter, whose ])articys repel with a force inversely as the 21 
power of the distaiu^er being greater than 1, and less tiian 3 : 
the repulsion of the plate on a particle at n, is proportional to 

DC DC 

1 1 provided the thickness of tlie plate and size of 

the particle d is given. 

For if CA is supposed to flow, the corresponding fluxion of the 
^ quantity of matter in the plat^e, is proportional to ca X c*a ; 
and the corresponding fluxion of the repulsion of the plate on 

CA X 

the particle d, in the direction dc, is proportional to 




DC D‘A X DC 

DA Da" 


for D‘A is to c*A : : ca : da ; the varia- 
— DC 


ble part of the fluent of which is „ i ^ da"~^ * whence the 

repulsion of the plate on the particle d, is proportional to 

DC DC DC DC 

; r — r, Or tO T " 

n — lx n — lx da"”"^ dc""~‘ da 


Corol. If Dc"~“^ is very small in respect of ca”“*, the particle 
i> is repelled with very nearly the same force as if the diameter 
of the plate w'as infinite. , 

Lemma, 8 Let l and I represent the two legs of a right angled 
triangle, and h the hypothenu.se ; if the shorter leg / is so ruucli 
less than the other, that is very small in respect of 

then » will be very small in respect of For 

== 4 - Sf = 1?-” X (1 4” 72 ) " = X 1 4- 

3 — n X 3 — ?/ X » — 3 X 

^ therefore 

3 — 71.x /2 3 — 71 X M 4- 1 X X 3 — n X 

&c. = 

X 3 — 71 X W — 1 X^ ’'^ 

which is very small in 

respect of ; as is by the supposition very small in 

respect of l"— 1 . 

Lemma 9 . — Let dc now represent the axis of a cylindric or 
prismatic column of uniform matter ; and let the diameter of 
the column be bo small, that the repulsion of the plate ad on it 
shall Pot be sensibly different from what it would be, if all the 
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inatter in it was collected in the axis : the force with which the 
plate repels the column, is proportional to dc^-” -4- ac-^— « — 
supposing the thickness of the plate and base of the 
column to be given. For, if do is supposed to flow,, the 
corresponding fluxion of the re|)ulsion is proportional to 
D*C DC+ DC ^*c • 

— u^«-i = fluent of which 

A c^~” Dc^—"* — DA^~” ^ vanishes when dc vanishes. 

.*5 — n 

Carol. 1. If the length of the coluyin is so great, that 
is very small in respect of dc"~^, the repulsion of the plate on 
it is very nearly the same as if the column was infinitely con- 
tinued. For, by lemma 8, ac‘*“" -f- dc'’*"” — d 4 ^“” differs 
very little in this case from ac^"" ; aud if dc is infinite, it is 
exactly equal to it. 

Coral. 2. It ac"~^ is very small in respect of dc'*— and the 
point E be taken in dc, such that ec””^ sliall be very small in 
respect of ac'*~^, the rcqiulsion of the plate on the small part of 
tlie column ec, is to its repulsion on the whole column dc, 
very nearly as to ac^— ". 

hemmn 10. If we now suppose all the matter of the plate to 
be collected in the circumference of the circle, so as to form an 
infinitel}^ slender uniform ring, its repulsion on the column dc 
will be loss than when the matter is spread uniformly all over 
3— U AC^ 1 I 

the plate in the ratio of X ( — r” TN to 

^ 2 Vac"—* da"—*; 

-|- AC'^— " DA^“” 

For it was before said, that if the matter of the plate be 
spread uniformly, its repulsion on the column will be propor- 
tional to Dc^— " If- Ac^~” — DA'*—", or may be expressed by it; 
let now AC, the semidiameter of the plate, be increased by the 
infinitely small quantity a*c ; the quantity of matter in the 
plate w’ill be increased by a quantity, which is to the whole, as 
2 a‘c to AC ; and the repulsion of the plate on the column will 

AC 

be increased by 3 — n X a c x ac —ax X ^ X 3 — n 

'11 

X DA^— " = 3 — 7?, X AX X AC X z there- 

fore if a quantity of matter, which is to the whole quantity in 
the plate, as 2ax. to ac, be collected in the circumference, its 
repulsion on the column dc, will be to that of the whole plate, 

1 1 

as 3 71 X A’C X AC X DA"—* ) ^ DC*'*—" -f" AC^" 

— DA^-” ; and consequently the repulsion of the plate, when 
all the matter is collected in its circumference, is to its repul- 
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S — « X 

sion when the matter is spread uniformly, as ^ X 

•1 1 

1 da"-- 0 to Ac3-“” DA^-'*. 

Corol 1. If the length ofVthe colu'Vnn is so great, that ac"-‘ 
is very small in respe« of dc"~^ the repulsion of the plate 
when all the matter is collected in the circumference, is to its 
repulsion when the matter is spread uniformly, very nearly as 
2 — « X AC^— " 

_ Ac3““”,*or as S — n to 2. 

Corol 2. If EC”-^ is very small in respect of ac”~S the repul- 
sion of the plate on the short column ec, when all the matter 
in the plate is collected in its « circumference, is to its repul- 
sion when the matter is spread uniformly, very nearly as 
S — « X n — I X Ec^ 

4ac'*~* *o EC'**—”, or as S — a X n - I X 

ec’*— ^ to 4ac”— ^ ; and is therefore very small in comparison of 
what it is when the matter is spread uniformly. 

For, by the same kind of process as was used in lemma 8, it 


appears, that if ec^ is very small in respect of At then ac^ 


very li 


little from 


X 

or 


n — 1 X Ec2 

from ; and if ec"— * is very sjiiall in respect of 

AC"— then EC^ is a fortiori very small in respect of ac® . 

Corol, S. Suppose now that the matter of the plate is denser 
near the circumference than near the middle, and tliat the 
density at and near the middle is to the mean density, or the 
density which it would every where be of if the matter was 
spread uniformly, as » to 1, then th© repulsion of the plate on 
EC will be less than if the natter was spread uniformly, in a 
ratio approaching much nearer to that of to I, than to that of 
equality. 

Corol, 4. Let every tiling be as in the last corollary, and let *r 
be taken to 1, as the force with which the plate actually repels 
the column dc, (dc"x^ being very great in respect of ac"— *) is 
to the force with which it would repel it, if the matter was 
spread uniformly ; the repulsion of the plate on ec will be toils 
repulsion on dc, in a ratio between that of ec^— " X ^ to ac^— ” 
X and that of ec'*— " to ac " x ' t, but will approach much 
nearer to the former ratio than to the latter. 

Lemma 11. In the line dc produced, take cf equal to ca : if 
all the matter of the plate ab is collected in the circumference, 
repulsion on the column cn, infinitely continued, is equal to 
the repulsion of the same quantity of matter collected in the 
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point F, on the same column. For the repulsion of the plate 
on the column in the direction cd, is the same whether the 
matter of it be collected in the whole circumference, or in the 
point A. Suppose it therefore to be collected in A ; and let^an 
equal quantity of matter be collQ,ct«s<i ; take fq constantly 
equal to ad; and let ad and fg llo’.^; the fluxion of cd is to 
the fluxion of fg, as ad to c^ ; and tin. repulsion of a on the 
point n, in the direction cd, is to the repulsion of f on o, as 
CD to AD ; therefore the fluxion of the repulsion of a on the 
column CD, in the direction cd, is equal to the fluxion of the 
repulsion of f on cg ; and when ad etpials ac, the repulsion of 
both A and i\ on their respective columns, vanishes ; and 
therefore the repulsion of a on the whole column cd, equals 
that of F on co ; and when cn and cg arc both infinitely ex- 
tended, tliey may be consideretl as the same column. 

Prop. 17. L(!t two similar bodies, of different sizes, and 
consisting of diflerent sorts of matter, be both overcharged, or 
both undercharged, but in different degrees ; and let the 
redundance or deficicnce of fluid in each be very small, in 
respect of the whole quantity of fluid in them : it is impossible 
for the fluid to be disposetl accurately in a similar manner in 
both of them as it has been shown that there will be a space, 
close to the surface, which will either be as full of fluid as it can 
hold, or \7ill be entirely deprived of fluids but it will be disposed 
as nearly in a similar manner in both, as is possible. To explain 
this, let BPE and hde^ fig. l‘i, be the Uvo similar bodies : and 
let the space comprehended between the surfaces bde and fgh 
( or the space bf as he calls it for shortness) be that part of 
nni:, which is either as full of fluid as it can hold, or entirely 
deprivetl of it : draw the surface Jgh, suqh that the space hf\ 
shall be to the space bf, as the quantity of redundant or defi- 
cient fluid in bdcy to that in bdk, and that the thickness of the 
space bf shall every where bear the same proportion to the cor- 
responding thickness of bf : then will the space /^be either as 
full of fluid as it can hold, or entirely deprived of it; and the 
fluid within tlie space Jgh w'ili be disposed very nearly simi- 
larly to th.at in the space foii. 

For it is plain, that if the fluid could be disposed accurately in a 
similar manner in both bodies, the fluid would be in equilibrio 
in one body, if it was in the other ; therefore draw the surface 
such that the thickness of the space *5 /] shall be every 
wliere to the corresponding thickness of bf, as the diameter of* 

• the fluid bring disposed in a similar manner in both bodies, Mr. 
C. means that the <j[uantity df redundant or deliuient fluid, in any small 
part of f)ne body, is to that in the corresponding small part of the ot her, us 
the whole quantity of redundant or deticient fluid in one body, to that in 
the other. By tho quantity of deficient fluid in a h(»dy, he incnns the 
quantity of fluid wanting to .<^atnrat(' if. Nofwithslandiug the iinproj)! iefy 
of this expression, Ik- begs letne to main' u-^e of it, as it will coDseqncntly 
sav(' a great deal of eiri innlnfution. 
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hde to the diameter of bde ; and let the redundant fluid or 
matter in bf be spread uniformly over the space ^ / ; then if the 
fluid in the space is disposed exactly similar to that in fgh, 
it will be in oquilibrio ; as the fluid will then be disposed ex- 
actly similarly in the spaces /SSs and bde ; but as, by the sup- 
position, the thickness of iJie^pace ^ f is very squall in respect 
of the diameter of hde^Xhe fluid c>r matter in the space hf 'v^ill 
exert very nearly the same force dh the rest of the fluid, vdiether 
it is spread over the space ft or whether it is collected in hf. 
Prop. 1 8. Let two bodies, B and by be connected to each other 
by a canal of any kiiid, jfnd be either over or undercharged : it 
is plain that the quantity of redundant or deficient fluid in b, 
would bear exactly the same proportion to that in h, wdiatever sort 
of matter h consisted of, if it was possible for the redundant or 
deficient fluid in any body, to be* disposed accurately in the same 
manner, whatever sort of matter^ it consisted of. For suppose 
B to consist of any sort of matter ; and let the fluid in the canal 
and two bodies be in equilibrio ; let now b be made to consist 
of some other sort of matter, which requires a different quantity 
of fluid to saturate it ; but let the quantity and disposition of the 
redundant or deficient fluid in it remain the same as before : it 
is plain that the fluid will still be in equilibrio ; as the attraction 
or repulsion of any body depends only on the quantity and 
disposition of the redundant and deficient fluid in it. 1 herefure 
by the preceding proposition, the quantity of redundant or 
deficient fluid in b, will actually bear very nearly the same 
proportion to that in by whatever sort of matter b consists ot‘; 
provided the quantity of redundant or deficient fluid in it is very 
small in respect of the whole. ^ 

Prop. 1 9. Let two bodies b and b , fig. 11, be connected 
together by a very slender canal Aiyda^ either straight or 
crooked : let the canal be every where of the same breadth and 
thickness ; so that all sections of this canal made by planes 
perpendicular to the direction of the canal in that part, shall be 
equal and similar : let the canal be comj>osed of uniform matter ; 
and let the electric fluid in it be supposed incompressible, and 
of such density as exactly to saturate tlic matter in it ; and let 
it nevertheless he able to move readily along the canal ; and let 
each particle of fluid in the canal be attracted anil repelled by 
the matter and fluid ?ii the canal and in the bodies b and b, just 
in the same manner that it would be if it tvas not incompressi- 
ble and let tlie bodies b and b be either over or undercharged. 
Then the force with which the whole quantity of fluid in the 
canal is impelled from a towards i>, ia the direction of the axis 

• This supposition of the fluid in the cuual being inroinpic.ssiljle, is not 
mentioned as a thing -which run ever lahe place in nature, hut is inerel y 
imagiiiary ; thi* n'uson for luriU iiig of whirh will he given hcrenfter. 
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ufthe canal, by the united attractions and repulsions of the two 
bodies, must be nothing : as otherwise the fluid in the canal 
could not be at rest : observing that by the force with wlych 
the whole quantity of fluid is impelled in the direction of the 
axis of the canal, he means the •SujJ^f the forces, with which 
tile fluid in each part of the canal is impelled in the direction of 
the axis of the canal in that place, from a towards d ; and ob- 
serving also, that an impulse in the contrary direction, from d 
towards a, must be considered as negative. 

For as the canal is exactly saturated with fluid, the fluid in it 
is attracted or repelled only by the redundant matter or fluid 
in the two bodies. Suppose now that the fluid in any section of 
the canal, as ec, is impelled with any given force in the direction 
of the canal at that place, the section nd would, in consequence 
of it, be impelled with exactly the same force in the directiflh of 
the canal at i), if the fluid between Ke and ud was not at all 
attracted or repelled by the two bodies ; and consequently the 
section Ttd is impelled in the direction of the canal, with ike sum 
of the forces, with which the fluid in each part of the canal is 
impelled, by tlie attraction or repulsion of the two bodies in the 
direction of the axis in that part ; and consequently, unless this 
sum was nothing, the fluid in j>d could not be at rest. 

Coral. Therefore the force with which the fluid in the canal 
is impelled one way in the direction of tTie axis, by the body b, 
must be equal to that with which it is impelled by h in the 
contrary direction. 

Prop. 20. Let two similar bodies B and h, fig. 13, be con- 
nected by the very slender cylindric or prismatic canal Aa, 
hlled with incompressible fluid, in the same manner as describ- 
ed in the preceding proposition : let the bodies be overcharged; 
but let the. quantity <d* redundant fluid in each bear so small a 
proportion to tlie whole, that the fluid may be considered as 
disposed in a similar manner in both ; let the bodies also be 
similarly situated in respect of the canal Art ; and let them be 
placed at an infinite distance from eacli other, or at so great a 
one, that the repulsion of either body on the fluid in the canal, 
shall not be sensibly less than if they v/ere at an infinite dis- 
tance : then, if tlie electric attraction and repulsion is inversely 
as the « power of the distance, n being grt 2 ater than 1, and less 
than 3, the quantity of redundant fluid in the two bodies will 
be to each other, as tlie n — 1 power of their corresponding 
diameters af and af. 

For if the quantity of redundant fluid in the two bodies is in 
this projiortion, the repulsion of one body on the fluid in the 
canal, will be equal to that of the other body on it, in the con- 
trary direction ; and consequently the fluid will have no ten- 
dency to flow from one body to the otlier, as may thus be 
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proved. Take the points » and i: very near to each other , 
and take da to da, and m to ea, as nf to af ; tlie repulsion of’ 
th^body B on a jiarticle at n, will be to the re})iilsion of b on a 
1 1 

particle at d, as fluid is disposed similarly 

in both bodies, the quantity of fluid in any small part of B, is 
to the quantity in the correspoifding part of b, as af**— * to 
; and consequently the repulsion of that small part of b, 
on D, is to the repulsion of the corresponding part of b on d, 

AF«“1 1 1 , 

AFn~> AF af quantity of fluid in tlie small 

part DE of the canal, is to that in dc, as dk to de, or as af to 
af\ thereft)re the repulsion of b on the fluid in de, is equal to 
that of h on the fluid in de\ therefore, taking ag to Art, as af 
to a'V. the repulsion of h on the fluid in ay^ is equal to that of n 
on the fluid in Art ; but the repulsion of b on ag may be consi- 
dered as the same as its repulsion on Art ; for, by the supposi- 
tion, file repulsion of B on Art may be considered as the same 
as if it was continued infinitely ; and therefore the repulsion of 
h on ag may be considered as the same as if it was continued 
infinitely. 

N. B. If n was not greater than 1, it would be impossible for 
the length of Art to be so great, that the repulsion of b on it 
might be considered as the same as if it was continued infinitely ; 
whicli was the reason for requiring n to be greater than 1 . 

CoroL By just the same method of reasoning it appears, that 
if the bodies are undercharged, the quantity of deficient fluitl in 
b will be to that in b, as to AF"“h • 

Prop. 21. Let a thin flat plate be connected to any other 
body, as in the preceding proposition, by a canal of incom- 
pressible fluid, perpendicular to the plane of the plate; and let 
that body be overcharged ; then the quantity of redundant fluid 
in the plate will bear very nearly the same proportion to that in 
the other body, whatever the thickness of the plate may be, 
provided its thickness is very small in proportion to its breadth, 
or smallest diameter. For there can be no doubt, but under 
that restriction, the fluid will be disposed very nearly in the 
same manner in the plate, whatever its thickness may be ; and 
therefore its repulsion on the fluid in the canal will be very 
nearly the same, whatever its thickness may he. 

Prop. 22. Let ab and df, fig. 14, represent two equal and 
parallel circular plates, whose centres are c and e ; let the plates 
be placed so, that a right line joining their centres shall be 
perpendicular to the plates; let the thickness of thcvplates be 
very small in respect of their distance ce ; let the plate ab 
communicate with the body h, and the plate df with the body 
by the canals cg and em of incompressible fluid, such as are 
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described in prop. 19 ; let these canals meet their respective 
plates in their centres c and e, and be perpendicular to the 
plane of the plates ; and let their length be so great, that the 
repulsion of the plates on the fluid in them may be considered 
as the same as if they were continued infinitely ; let tlie body 
II be overcharged, and let l be*saturated. It is plain, from 
prop. 12, that df will be undercharged, and ab will be more 
overcharged than it would ^hherwise be. Suppose now, that 
the redundant fluid in ad is disposed in the same manner as the 
deficient fluid is in df ; let p be to 1, as the force with which 
the plate ab would repel the fluid in,cE, if the canal me w'as 
continued to c, is to the force with which it would repel the 
fluid in CM ; and let the force with which ab repels the fluid in 
CO, be to the force with which it would repel it, if 4,he redun- 
dant fluid in it was spread uniformly, as »- to 1 ; and let the 
force with which the body ii repels the fluid in ca, be the same 
with which a quantity of redundant fluid, which we will call n, 
spread uniformly over ad, would repel it in the contrary 
direction. Then will the redundant fluid in ab be equal to 

B 

op^ ; and therefore, if p is very small, will be very 

B 

nearly equal to ; and the deficient fluid in df will be to 
the redundant fluid in ab, as 1 — p to 1 ; and therefore, if p is 
very small, will be very nearly equal to the redundaiitfluid in 
ab. 

For it is plain, that the force with which ab repels the fluid 
n EM, must be equal to that with which df attracts it ; for 
otherwise jforae fluid would run out of df into l, or out of l 
into DF : for the same reason, the excess of the repulsion of ab 
on the fluid in co, above the attraction of fd on it, must be 
equal to the force with which a quantity of redundant fluid 
equal to b, spread uniformly over ab, would repel it, or it 

must be equal to that with which a quantity equal to spread 

in the manner in which the redundant fluid is actually spread 
in ab, would repel it. By the supposition, the force with 
which AB repels the fluid in em, is to the force with which it 
would repel the fluid in cm, supposing em to be continued to 
c, as 1 — P to 1 ; but the force with which any quantity of 
fluid in AB would repel the fluid in cm, is the same with which 
nn equal quantity similarly disposed in df, would repel the 
fluid in EM ; therefore the force with which the redundant fluid 
in AB repels the fluid in em, is to that with which an equal 
quantity similarly disposed in df, would repel it, as 1 — p to 
1 : therefore, if the redundant fluid in ab be called a, the defi- 
cient fluid in df must be a X 1 — . p • f<^i* the same reason ,the 
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force with which df attracts the fluid in cg, is to that witii 
which AB repels it, as a X 1 • — ** X 1 — p, or a X (1 — **)®> 
to A ; therefore, the excess of the force with which ab repels 
cg\ above that with which df attracts it, is equal to that with 
which a quantity of redundant fluid equal to a — — a X 
(1 — p)3^ or A X (2 p — ^P^), spread over ab, in the manrcr 
in which the redundant fluid it is actually spread, would 


repel it : therefore, a X (2p — p®) must be equal to or a 

D 

must be equal to 


Corol. 1. If the density of the redundant fluid near the mid- 
dle of the*plate ab, is less than the mean density, or the density 
which it would every where bef of, if it w^as spread uniformly, 
in the ratio of " to 1 ; and if the distance of the two plates is 
so small, that ec”— ^ is very small in respect of and that 

n ig very small in respect of ac^^*. the quantity of redun- 

D 

dant fluid in ab will be greater than'g X and less than 

A 

2ji X approach much nearer to the latter 

value than the former. For, in this case, is, by lemma 10, 


corol.4.islessthanCS)- ,and greater thauC^^,)^ "»» ^ but 
approaches much nearer to the latter value than the former ; 
and if is very small in respect of r is very small- 


Ileinarks. If df was not undercharged, it is ccptain that ab 
would be considerably more overcharged near the circumfer- 
ence of the circle than near the centre : for if the fluid was 


spread uniformly, a particle placed any where at a distance from 
the centre, as at n, would be repelled with considerably more 
force towards the circumference, than it would tow'ards the 


centre. If the plates are very near together, and consequently 
DF nearly as much undercharged as ab is overcharged, ab will 
still be more overcharged near the circumference than near the 
centre, but the difference will not be near so great as in the 
former case ; for, let nr be many times greater than ce, and ns 
less than ce ; and take Er and Es equal to CR and cs ; there can 
be no doubt, he thinks, but that the deficient fluid in df will be 
lodged nearly in the same manner as the redundant fluid in ab ; 
and therefore the repulsion of the redundant fluid at n, on a 
particle at N, will be very nearly bidanced by the attraction of 
the redundant matter at r, for r is not much nearer to N than r 
is ; but the repulsion of s will not be near balanced by that of 
s ; for the distance of s from n is much less than that of g. 
Let now a small circle, whose diameter is st, be drawn round 
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the centre N, on the plane of the plate ; as the density of the 
fluid is greater at T than at b, the repulsion of the redundant 
fluid within the small circle tends to impel the point n towards 
c ; but as there is a much greater quantity of fluid between n 
and than between N and a, the repulsion of the fluid without 
the small circle tends to balance fliat ;*but the effect of the fluid 
within the small circle is not much less than it would be, if df 
was not undercharged : whereas much the greater part of the 
effect of that part of the plate on the outside of the circle, is 
taken off by the effect of the corresponding part of df : conse- 
quently the difference of density between t and 6 will not be 
near so great, as if df was not undercharged. Hence he 
imagines, that if the two plates are very nearly together, the 
density of the redundant fluid near the centre will not be much 
less tlian the mean density, or » will not be much less than 1 ; 
moreover, the less the distance of the plates, the nearer will ^ 
approach to 1. 

Carol 2. Let now the body h consist of a circular plate, of 
the same size as ab, placed so, that the canal cd shall pass 
tlirough its centre, and be perpendicular to its plane ; by the 
supposition, the force with whicli n repels the fluid in the canal 
CG, is the came with which a quantity of fluid, equal to b, 
spread uniformly over ab, would repel it in the contrary direc- 
tion : therefore, if the fluid in the i)late h was spread uni- 
formly, the quantity of redundant fluid in it would be b; and if 

2b 

it was all collected in the circumference, would be ; and 
therefore the real quantity will be greater than B, and less than 

2b • 

3 — » 

CoroL 3. Therefore, if we suppose « to be equal to J, the 
quantity of redundant fluid in ab will exceed that in the plate 

^ ac.^3 — ?i 3 — n 

II, in a greater ratio than that of k ce) ^ 4 to 1, 

( acaS — n 

X i to 1 : and from the pre- 
ceding remarks it appears, that the real quantity of redundant 
fluid in AB can hardly be much greater than it would be if ^ 
was equal to J . 

Carol 4. Hence, if the electric attraction and repulsion is 
inversely as the square of the distance, the redundant fluid in 
AB, supposing g to be equal to 1, will exceed that in the plate 
II, in a greater ratio than that of ac to 4 ce, and less than that 
of AC to 2 ce. 

Coral 5. I.et noAv the body h consist of a globe, whose dia- 
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meter equals ab ; the globe being situated in such a manner, 
that the canal co, if continued, would pass through its centre ; 
and let the electric attraction and repulsion be inversely as the 
square of the distance, the quantity of redundant fluid in the 
globe will be 2b ; for the fluid will be spread uniformly over 
the surface of the globe, and its re]^ulsion on the canal will he 
the same as if it was all collected in the centre of the sphere, 
and will therefore be the same with which an equal quantity, 
disposed in the circumference of ab, would repel it in the con- 
trary direction, or with which half that quantity, or b, would 
repel it, if spread unifortnly over tlie plate. 

CoroL 6. Therefore, if ^ was equal to 1, the redundant fluid 
in AD would exceed that in the globe, in the ratio of ac to 4c e ; 
and therefore it will in reality exceed that in the globe, in a 
rather greater ratio than that of ao to 4c e ; but if the plates 
are very near together, it will approach very near to that ratio, 
and the nearer the plates are, the nearer it will approach to it. 

CoroL 7. Whether the electric repulsion is inversely as the 
square of the distance or not, if the body h is as much under- 
charged, as it was before overcharged, ab will be as much 
undercht^.rged as it was before overcharged, and de as much 
overcharged as it \vas before undercharged. 

CoroL 8. If the size and distance of the plates be altered, the 
quantity of redundant or deflcient fluid in the body ii remain- 
ing the same, it appears, by comparing this proposition with 
the 20th and 21st propositions, that the quantity of redundant 
and deficient fluid in ab, will be as 
xACn3-'» ac^ 

X VEcy , or supposing the value of 5 to remain the 

same. 

Prop. 23. Lc't AE, fig. 15, be a cylindric canal, infinitely 
continued beyond e ; and let af be a bent canal, meeting the 
cither at A, and infinitely continued beyond f : let the section 
of this canal, in all parts of it, lie equal to that of the cylindric 
canal, and let both canals be /iJlc'd wn'th uniform fluid of the 
same density : then the force with which a particle of fluid p, 
placed any v/here at pleasure, repels the whole quantity of 
fluid in AF, in the direction of the canal, is the same with 
w^hich it repels the fluid in the canal ae, in the direction ae. — 
On the centre r, draw tw o circular arches bd and hd, infinitely 
near to each other, cutting ae in B and ^ 3 , and af in d and » ; 
and draw the radii vh and vd. As pb = pd, the force with 
which p repels a particle at n, in the direction b 5 , is to that 
with which it repels an equal particle at d, in the direction ns, 
uh j>d 1 1 

as ^7 to or as to ^7 ; and therefore the force with 
w'hich it repels the whole fluid in ba, in the direction b.;, is the 
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same with whitih it repels the whole fluid in Dj, in the direc- 
tion D5, that is in the direction of the canal ; and therefore the 
force with which it repels the whole fluid in ae, in the directic^n 
of AB, is the same with which it repels the whole fluid in af, in 
the direction of the canal. • •• 

ft 

K^oroL If the bent canal adf. instead of being infinitely con- 
tinued, meets the cylindric caflal in e, as in fig. T6, the repul- 
sion of p on the fluid in the bent canal ade, in the direction of 
the canal, will still be equal to its repulsion on that in the 
cylindric canal ae, in the direction of ^e. 

Prop, 24. If two bodies, for instance the plate ab, and the 
body n, of prop. 22, communicate with each other, by a canal 
filled with incompressible fluid, and are either over or under- 
charged ; the quantity of redundant fluid in them will bear the 
same proportion to each other, whether the canal by which they 
communicate is straight or crooked, or into whatever part of 
the bodies the canal is inserted, or in whatever manner the two 
bodies are situated in respect of each other; provided that 
their distance is infinite, or so great that the repulsion of 
each bddy on the fluid in the canal shall not be sensibly less 
than if it was infinite. 

Let the parallelograms ab and df, fig. 17, represent the two 
plates, and h and e the bodies communicating with them : let 
now H be removed to ^ ; and let it communicate with ab, by 
the bent canal gc ; the quantity of fluid in the plates and bodies 
remaining the same as before ; and let us, for the sake of ease 
in the demonstration, cuppose the canal yc to be every where 
of the same thickness as the canal oc ; though the proposition 
will evidently hold equally good, whether it is or not ; then the 
fluid will still be in equilibrio. For let us first suppose the 
canal gc to be continued through the substance of the plate ab, 
to r, along tin* line cre ; the part cre being of the same thick- 
ness as the rest of the canal, and the fluid in it of the same 
density ; by the preceding proposition, the repulsion or attrac- 
tion of each particle of fluid or matter in the plates ab and pf, 
on the fluid in the whole canal creg, in the direction of that 
canal, is equal to its repulsion or attraction on the fluid in the 
canal co, in the direction co ; and therefore the whole repulsion 
or attraction of the two plates on the canal ^reg, is equal to their 
repulsion or attraction on co : but as the fluid in the plate ab is 
in eqiiilibrio, each particle of fluid in the part cre of the canal, 
is impelled by the plates, with as much force in one direction as 
the other ; and consequently the plates impel the fluid in the 
canal cg, with as much force as they do that in the whole raiial 
cregy that is, with the same force that they impel the fluid in 
In like manner the body h impels the fluid in eg, with the 
same force that ii does the fluid in co ; and conscqvicntly k im- 
pe^ls the fluid in eg, one way in the direction of the canal, w’ith 



186 


Phenomena of Electricity. 

the same force that the two ]>lates impel it the contrary way ; 
and therefore the fluid in eg has no tendency to flow from one 
b^y to the other. 

Carol. By the same method of reasoning, with the help of 
the corollary to the 23d ptopoaitioTif it appears that if ab and 
II each communicate with a third body, by canals of incom- 
pressible fluid; and a communication is made between ad and 
H by another canal of incompressible fluid, the fluid will have 
no tendency to flow from one to the other through this canal ; 
supposing that the fluid was in equilibrio before this commu- 
nication was made. In like manner, if ab and h communicate 
with each other, or each communicate with a third body, by 
canals of real fluid, instead of the imaginary canals of incom- 
pressible fluid used in these propositions, and a communication 
is also made between them by a canal of incompressible fluid, 
the fluid can have no tendency to flow from one to the other. 
The truth of the latter j^art of this corollary will appear by 
supposing an imaginary canal of incompressible fluid to be 
continued through the whole length of the real one. 

Prop. 26. Let now a communication be made between tlie 
two plates AB and nr, by the canal Niis of incompressible 
fluid, of any length ; and let the body h and the plate ad be 
overcharged. It js plain that the fluid will flow through that 
canal from ab to bf. l^ow the whole force with which the 
fluid in the canal is impelled along it, by the joint action of the 
two plates, is the same w ith which the whole quantity of fluid 
in the canal co or eg is impelled by them ; supposing the canal 
Njis to be every where of the same breadth and thickness as cg 
or eg. For suppose that the canal nrs, instead ef communi- 
cating with the plate df, is bent back just before it to\:ches it, 
and continued infinitely along the line ss ; the force with which 
the two plates impel the fluid in sa, is the same with which 
they impel that in el, supposing s« to be of the same breadth 
and thickness as el ; and is therefore nothing ; therefore the 
force with which they impel the fluid in nrs, is the same with 
which they impel that in nrs^ ; which is the same with which 
they impel that in co. ♦ 

Prop. 26. Let now xyz be a body of an infinite siae, contain- 
ing just fluid enough to saturate it ; and let a communication 
be made between k and xyz, by the canal hy of incompressible 
fluid, of the same breadth and thickness as gc or oc ; tlie fluid 
will flow through it from h to xyz ; and the force with which 
the fluid in that canal is impelled along it, is equal to that with 
which the fluid in nrs is impelled by the two plates. 

If the canal hy is of so great a length, that the repulsion of h 
on it is the same ns if it was continued infinitely, then tlie thing 
is evident ; but if it is not, let the canal hy, instead of com- 
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municatiiig with xyz, bo that the fluid can flow out of the canal 
into xyz, be continued infinitely through its substance, along the 
line yv : now it must be observed that a small part of the body 
namely, that which is turned towards h, will by the action 
of h oil it, be rendered undercharged ; but all the rest of the 
body will be saturated ; for the fluid driven out of the under- 
charged part will not make the remainder, which is supposed 
to be of an infinite size, sensibly overcharged : now the force 
with which the fluid in the infinite canal hyvy is impelled by the 
body h and the undercharged part of xyz, is the same with 
which the fluid in gc is impelled by tfiem ; but as the fluid in 
all parts of xyz is in equilibrio, a particle in any part of yv 
cannot be impelled in any direction ; and therefore the fluid in 
hy is impelled with as much force as that in hjv ; and therefore 
the fluid in hy is impelled with as much force as that in gc ; and 
is therefore impelled with as much force as the fluid in Nits is 
impelled by the two plates. 

It perhaps may be asked, whether this methotl of demonstra- 
tion would not equally tend to proVe that the fluid in hy was 
impelled with the same force as that in nrs, though ryz did not 
contain just fluid enough to saturate it. He answers not ; for 
this demonstration depends on the canal yi;. being continued, 
within the body xyz, to an infinite distance beyond any over or 
undercharged part ; which could not be if xyz contained eitlier 
more or less flpid than that. 

Prop, 27. Let t%vo bodies b and b, fig. 13, be joined by a 
cylindric or prismatic canal Aa, filled with real fluid ; and not 
by an imaginary canal of incompressible fluid as in the 20th 
proposition f and let the fluid in it be in equilibrio ; the force 
with which the whole or any given part of the fluid in the canal, 
is impelled in the direction of its axis, by the united repulsions 
and attractions of the redundant fluid or matter in the two 
bodies and the canal, must be nothing ; or the force with which 
it is impelled one way in the direction of the axis of the canal, 
must be equal to that with which it is impelled the other way. 
For as the canal is supposed cylindric or prismatic, no particle 
of fluid in it can be prevented from moving in the direction of 
its axis, by the sides of the canal ; and therefore the force with 
which each particle is impelled cither way^ in the direction of 
the axis, by the united attractions and repulsions of the two 
bodies and the canal, must be nothing, otherwise it could not 
be at rest ; and therefore the force with which the whole, or any 
given part of the fluid in the canal, is impelled in tlie direction 
of the axis, must be nothing. 

Carol, 1. If the fluid in the canal is disposed in such manner, 
that the repulsion or attraction of the redundant fluid or matter 
in it, on the whole or any given part of the fluid in the canal, 
has no tendency to impel it either way in the direction of the 
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axis ; then the force with which that whole or given part is 
impelled by the two bodies, must be nothing ; or the force 
■^ith which it is impelled one way in the direction of the axis, 
by the body b, must be equal to that with which it is impelled 
in the contrary directior^ b}t the other body ; but not if the 
fluid in the canal is disposed in a different manner. 

CoroL 2. If the bodies, and <X)nsequent]y the canal, is over- 
charged ; then, in whatever manner the fluid in the canal is dis- 
posed, the force with which the whole quantity of redundant 
fluid in the canal is regelled by the body b, in the direction 
Aa, must be equal to that with which it is repelled by B, in the 
contrary direction. For the force with which the redundant 
fluid is impelled in the direction aa, by its own repulsion, is 
nothing ,* for the repulsion of the particles of any body on each 
other, have no tendency to make the whole body move in any 
direction. 

Remarks. When Mr. C. first thought of the 20th and 22d 
propositions, he imagined that when two bodies were connected 
by a cylindric canal of real fluid, the repulsion of one body 
on the whole quantity of fluid in the canal, in one direction, 
would be equal to that of the other body on it, in the contrary 
direction, in whatever manner the fluid was disposed in the 
canal ; and that therefore those propositions would have held 
good very nearly, though the bodies were joined by cylindric 
canals of real fluid ; provided the bodies were so little over or 
undercharged, that the quantity of redundant or deficient fluid 
in the canal should be very small in respect of the quantity 
required to saturate it; and consequently that the fluid in it 
should be very nearly of the same density in all parts. But 
from the foregoing proposition it appears that he was mistaken, 
and that the repulsion of one body on tlie fluid in the canal, is 
not equal to that of the other body on it, unless the fluid in the 
canal is disposed in a particular manner : besides that, when 
two bodies are both joined by a real canal, the attraction or 
repulsion of the redundant matter or fluid in the canal, has 
some tendency to alter the disposition of the fluid in the two 
bodies; and in the 2 2d proposition, the canal co exerts also 
some attraction or repulsion on the canal em, on all which 
accounts the demonstration of those propositions is defective, 
when the bodies arc joined by real canals. He has good reason 
however to think, that those propositions actually hold good, 
very nearly, when the bodies are joined by real canals ; and 
that, whether the canals are straight or crooked, or in whatever 
direction the bodies are situated in respect of each other; 
though he is by no means able to prove that they do ; he there- 
fore chose still to retain those propositions, but to demonstrate 
them on this ideal supposition, in which they are certainly true. 
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ill hopes that some more skilful matliematician may be able to 
show whether they really hold good or not. 

What principally makes him think that this is the case, is, 
that as far as he ran judge from s<ynei experiments he has made, 
the quantity of fluid in different bodies agrees very well with 
those jiropositions, on a supposition that the electric repulsion 
is inversely as the square of the distance. It should also seem 
from those experiments, that the quantity of redundant or 
deficient fluid in two bodies, bore very nearly the same propor- 
tion to each other, whatever is the shajTe of the canal by which 
tliey are joined, or in whatever direction they are situated in 
respect to each other. 

Though the above proposition should be found not to hold 
good, when the bodies are joined by real canals, still it is evi- 
(lent, that in the 22d proposition, if the plates ab and n? are 
very near together, the quantity of redundant fluid in the plate 
AB will be many times greater than that in the body h, supposing 
I! to consist of a circular plate of the same size, as ab, and df 
will be nearly as much undercharged as ab is overcharged. 

Sir Isaac Newton supposes that air consists of particles which 
repel each other with a force inversely as the distance ; but it 
appears plainly from the foregoing pages, that if the repulsion 
of the particles was in this ratio and extended indefinitely to all 
distances, they would compose a fluid extremely different from 
common air. If the repulsion of the particles w’as inversely as 
the distance, but extended only to a given very small distance 
from their centres, they would compose a fluid of the same kind 
as air, in res{)€Ct of elasticity, except that its density would not 
be in proportion to its compression ; if the distance to which 
the repulsion extends, though very small, is yet many times 
greater than the distance of the particles from each other, it 
might be shown, that the density would be nearly as the square 
root of the compression. If the repulsion of the parts extend 
indefinitely, and was inversely as some higher power of the 
distance than the cube, the density of the fluid would be as some 
power of the compression less than three-fifths. The only law 
of repulsion, Mr. C. can think of, which will agree witli expe- 
riment, is one which seems not very likely ; namely, that the 
particles repel each other with a force inversely as the distance ; 
hut that, whether the density of the fluid is great or small, the 
repulsion extends only to the nearest particles ; or, what comes 
to the same thing, that the distance to which the repulsion 
extends, is very small, and also is not fixed, but varies in pro- 
portion to the distance of the particles. 
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Part Containing a Comparison of the foregoing Theory 
with ExperimenU 

§ 1. It appears from axperiinent, that some bodies suffer the 
electric fluid to pass with great readiness between their pores ; 
while others will not suffer it to«do so without great difficulty ; 
and some hardl3’’ suffer it to do so at all. The first sort of 
bodies are called conductors, the others non-conductors. What 
this difference in bodies is owing to, Mr. C. does not pretend to 
explain. It is evident that the electric fluid in non-conductors 
may be considered as moveable, or answering to the definition 
given of that term immediately before prop. 1. As to the 
fluid contained in non-conducting substances, though it does 
not absolutely answer to the definition of immoveable, as it is 
not absolutely confined from moving, but only does so with 
great difficulty ; yet it may in most cases be considered as such 
without sensible error. Air does in some measure permit the 
electric fluid to pass through it ; though, if it is dry, it l^s it pass 
but very slowdy, and not without difficulty ; it is therefore to be 
called a non-conductor. 

It appears that conductors would readily suffer the fluid to 
run in and out of them, were it not for the air which surrounds 
them : for if the end of a conductor is inserted into a vacuum, 
the fluid runs in and out of it with perfect readiness ; but when 
it is surrounded on all sides by the air, as no fluid can run out 
of it without running into the air, the fluid will not do so with- 
out difficulty. If any body is surrounded on all sides by the 
air, or other non-conducting substances, it is said to be insu- 
lated: if on the other hand it any where communicates with 
any conducting body, it is said to be not insulated. When he 
says that a body communicates with the ground, or any other 
body, he would be understood to mean that it does so by some 
conducting substance. 

Though the terms positively and negatively electrified arc 
much used, yet the precise sense in wliich they are to be under- 
stood, seems not well ascertained ; namely, whether they are 
to be understood in the same sense in which he has used the 
words over or undercharged, or whether, when any number 
of bodies, insulated and communicating with each other by 
conducting substances, are electrified by means of excited glass, 
they are all to be called positively electrified (supposing, ac- 
cording to the usual opinion, that excited glass contains more 
than its natural quantity of electricity) ; even though some of 
them, by the approach of a stronger electrified body, are made 
undercharged. He uses the words in the latter sense ; but 
as it will be proper to ascertain the sense in which he uses 
them more accurately, he gives the following definition. In 
order to judge whether any body, as a, is positively or nega- 
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lively electrified: suppose another body b, ot any given 
shape and size^ to be placed at an infinite distance from it, 
and from any other over or undercharged body; and let *3 
contain the same quantity of electric fluid, as if it communi- 
cated with A by a canal qf incompfdssible fluid : then if b is 
overcharged, he calls a positively electrified; and if it is 
undercharged, he calls a begatively electrified; and the 
greater the degree in which b is over or undercharged, the 
greater is the degree in which a is positively or negatively 
electrified. ^ 

It appears from the corol. to the 24th proposition, that if 
several bodies are insulated, and connected together by con- 
ducting substances, and one of these bodies is positively or 
negatively electrified, all the other bodies must be electrified 
in the same degree : ibr suppose a given body B to be placed 
at an infinite distance from any over or undercharged body, and 
to contain the same quantity of fluid as if it communicated with 
one of these bodies by a canal of incompressible fluid ; all the 
rest of those bodies must, by that corol., contain the same quantity 
of fluid as if they communicated with d by canals of incom- 
pressible fluid ; but yet it is possible that some of those bodies 
may be overcharged, and others undercharged ; for suppose the 
bodies to be positively electrified, and let an overcharged body 
i^be brought ncar^one of them, that body will become under- 
charged, provided n is sufficiently overcharged, and yet by the 
definition it will still be positively electrified in the same degree 
as before. 

Moreover,Jf several bodies are insulated and connected toge- 
ther by conducting substances, and one of these bodies is elec- 
trified by excited glass, there can be no doubt but they will all 
be positively electrified ; for if there is no other over or under- 
charged body placed near any of these bodies, the thing is 
evident ; and though some of these bodies may, by the approach 
of a sufficiently overcharged body, be rendered undercharged : 
yet he does not see how it is possible to prevent a body placed at 
an infinite distance, and communicating with them by a canal 
of incompressible fluid, from being overcharged* In like 
manner if one of these bodies is electrified by excited sealing 
wax, they will all be negatively electrified. • 

It is impossible for any body communicating with the ground 
to be either positively or negatively electrified ; for the earth, 
taking the whole together, contains just fluid enough to saturate 
it, and consists in general of conducting substances ; and con- 
sequently though it is possible for small parts of the surface of 
the earth to be rendered over or undercharged, by the approach 
of electrified clouds, or other causes ; yet the bulk of the earthy 
and especially the interior parts^ must be saturated with elec- 
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tricity. Therefore assume any part of the earth which is itself 
saturated^ and is at a great distance from any over or under- 
charged part; any body communicating with the ground, 
contains as much electricity as if it communicated with this 
part by a canal of incompnessihle fluid, and therefore is not at 
all electrified. ” 

If any body a, insulated and* saturated with electricity, is 
placed at a great distance from any over or undercharged 
body, it is plain that it cannot be electrified ; but if an over- 
charged body is brought near it, it will be positively electri- 
fied ; for supposing a to communicate with any body b, at 
an infinite distance, by a canal of incompressible fluid, it is 
plain that unless b is overcharged, the fluid in the canal could 
not be in emiilibrio, but would run from a to b. For the same 
reason a body insulated and saturated w’ith fluid, will be nega- 
tively electrified if placed near an undercharged body. 

§ 2. The phenomena of the attraction and repulsion of elec- 
trified bodies seem to agree exactly with the theory ; as will 
appear by considering the following cases. Case 1. Let two 
bodies, a and B, both conductors of electricity, and both placed 
at a great distance, from any other electrified bodies, be brought 
near each other. Let a be insulated, and contain just fluid 
enough to saturate it ; and let b be positively electrified. They 
will attract each other ; for as b is positively electrified, and at 
a great distance from any overcharged body, it will be over- 
charged ; therefore, on approaching a and b to each other, 
some fluid will be driven from that part of a which is nearest 
to b to the farther part : hut when the fluid in a was spread 
uniformlvj the repulsion of « on the fluid in A wao equal to its 
attraction on the matter in it; therefore when some fluid is 
lemoved from those parts where the repulsion of b is strongest, 
to those where it is weaker, b will repel the fluid in a with less 
force than it attracts the matter ; and consequently the bodies 
will attract each other. 

Case 2. Jf we now suppose tJiat the fluid is at liberty to 
escape from out of a, if it has any disposition to do so, the 
quantity of fluid in it before the approach of b being still suffi- 
cient to saturate it ; that is, if a is not insulated and not elec- 
trified, B being stilly positively electrified, they will attract with 
more force than before : for in this case, not only some fluid 
will be driven from that part of a which is nearest to d to the 
opposite part, but also some fluid will be driven out of A. It 
must be observed, that if the reptilsicn of b on a particle at e, 
fig- 19 ^ the farthest part of a, is very small in respect of its 
repulsion on an equal particle placed at n, the nearest part of 
A, the two bodies will attract with very nearly the same force, 
whether a is insulated or not ; but if the repulsion of B. on a 
particle at e, is very near as great as on one at n, they will at- 
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tract with very little force if a is insulated. For instance, let a 
small overcharged ball be brought near one end of a long con- 
ductor not electrified ; they will attract with very near the same 
force, whether the conductor be insulated or not ; but if the 
conductor be overcharged, an^ brought near a small unelectri- 
fied ball, they will not attract with ndar so much force, if the 

ball is insulated, as if it is not 

• / 

Case 3. If we now suppose that a is negatively electrified, 
and not insulated, it is plain that they will attract with more 
force than in the last case ; as a will be still more undercharged 
in this case than in the last. • 

N.n. In these three cases, we have not as yet taken notice of 
the effect which the body a will have in altering the quantity 
and disposition of the fluid in b • but in reality this will make the 
bodies attract each other w'ith more force than they would 
otherwise do ; for in each of these cases the body a attracts the 
fluid in B ; which will cause some fluid to flow from the farther 
parts of II to the nearer, and will also cause some fluid to flow 
into it, if it is not insulated, and will consequently cause B to 
act upon A with more force than it would otherwise do. 

Case 4. Let us now suppose that ii is negatively electrified ; 
and let a be insulated, and contain just fluid enough to saturate 
it ; they will attract each other ; for b will be undercharged ; 
it will therefore attract the fluid in a, and will cause some fluid 
to flow from*the farthest part of a, where it is attracted with 
less force, to the nearest part, where it is attracted with more 
force ; so that b will attract the fluid in a with more force than 
it repels the matter. 

Case 5 ahl 6. If A is now supposed to be not insulated and 
not electrified, b being still negatively electrified ; it is plain 
that they will attract with more force than in the last case ; and 
if A is positively electrified, they will attract with still more 
force. 

In these last three cases also, the effect which a has in altering 
the quantity and disposition of the fluid in b, tends to increase 
the force with which the two bodies attract. 

Case 7* It is plain that a non-conducting body saturated with 
fluid, is not at all attracted or repelled by an over or under- 
charged body, until, by the action of the electrified body on it, 
it has either acquired some additional fluid from the air, or had 
some driven out of it, or till some fluid is driven from one part 
of the body to the other. 

Case 8. Let us now suppose that the two bodies a and b are 
both positively electrified in the same degree. It is plain, that 
were it not for the action of one body on the other, they would 
both be overcharged, and would repel each other. But it may 
perhaps be said, that one of them as a may, by the action of the 
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other on it, be either rendered undercharged on the whole, or 
at least may be rendered undercharged in that part nearest to 
B ; and that the attraction of this undercharged part on a par- 
tible of the fluid in b, may be greater than the repulsion of the 
more distant overcharged part : so that on the whole the body 
A may attract a particle of fluiS in If so, it must be affirmed 
that the body b repels the fluid iji a ; for otherwise, that part 
of A which is nearest to B could not be rendered undercharged. 
Therefore, to obviate this objection, let the bodies be joined by 
the straight canal nc of incompressible fluid (fig. 19)* The 
body B will repel Uie fluid in all parts of this canal ; for as a is 
supposed to attract the fluid in b, b will not only be more over- 
charged than it would otherwise be, but it will also be more 
overcharged in tliat part nearest to a, than in the opposite part. 
Moreover, as the near undercharged part of a is supposed to 
attract a particle of fluid in b, with more force than the more 
distant overcharged part repels it ; it must, a fortiori, attract a 
particle in the canal with more force than the other repels it; 
therefore the body a must attract the fluid in the canal ; and 
consequently some fluid must flow from b to a, which is im- 
possible ; for as a and b are both electrified in the same degree, 
they contain the same quantity of fluid as if they both com- 
municated with a third body at an infinite distance, by canals 
of incompressible fluid ; and therefore by the corol. to prop. 21, 
if a communication is made between them by a capal of incom- 
pressible fluid, the fluid would have no disposition to flow from 
one to the other. 

Case 9. But if one of the bodies, as a, is positively electri- 
fied, in a less degree than b, then it is possible foj* the bodies 
to attract each other ; for in this case the force with which b 
repels the fluid in a may be so great, as to make the body a 
either entirely undercharged, or at least to make the nearest 
part of it so much undercharged, that a shall on the whole at- 
tract a particle of fluid in B. It may be worth remarking, 
with regard to this case, tliat when two bodies, botli electrified 
positively but unequally, attract each other, you may by remo- 
ving them to a greater distance from each other, cause them to 
repel ; for as the stronger electrified body repels the fluid in 
the weaker with less force when removed to a greater distance, 
it will not be able to drive so much fluid out of it, or from the 
nearer to the farther part, as when placed at a less distance. 

Case 10 and 11. By the same reasoning it appears, that if 
the tw"o bodies are both negatively electrified in the same de- 
gree, they must repel each other : but if they are both nega- 
tively electrified in different degrees, it is possible for them to 
attract each other. 

All these cases are exactly conformable to experiment. 
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Case Let two cork balls be suspended by conducting 
threads, from the same positively electrified body, in such man- 
ner, that if they did not repel, they would hang close together : 
they will both be equally electrified, and will repel each othei’ : 
let now an overcharged body, more strongly electrified than 
them, be brought under 4hem f theV will become less over- 
charged, and will separate l^ss than before : on bringing the 
body still nearer, they will become not at all overcharged, and 
will not separate at all : and on bringing the body still nearer, 
they will become undercharged, and will separate again. 

Case 13. Let all the air of a room ^e overcharged ; and let 
two cork balls be suspended close to each other by conducting 
threads communicating with the wall. By prop. 15, it is 
highly probable that the balls will be undercharged ; and there- 
fore they should repel each other. 

These last two cases are experiments of Mr. Canton’s, and 
are described in Phil. Trans. 1753, p. 350, where are other ex- 
periments of the same kind, all readily explicable by the fore- 
going theory. 

I have now, says Mr. C., considered all the principal or fun- 
damental case*9 of electric, attractions and repulsions which I can 
think of ; all of which appear to agree perfectly with the 
theory. 

§ 3. On the cases in which bodies receive electricity from or 
part with it to the air. 

Lemma 1 , Let the body a. fig. 6, either stand near some over 
or undercharged body, or at a distance from any. It seems 
highly probable, that if any part of its surface, as mn, is over- 
charged, tKh fluid will endeavour to run out through that part, 
provided the air adjacent to it is not overcharged. 

For let G be any point in that surface, and p a point within 
the body, extremely near to it ; it is plain that a particle of fluid 
at p, must be repelled with as much force in one direction as 
another (otherwise it could not be at rest) unless all the fluid 
between p and o is pressed close together, in which case it may 
be repelled with more force towards g, than it is in the contrary 
direction : now a particle at g is repelled in the direction pg, 
i. e, from p to Q, by all the redundant fluid between p and a ; 
and a particle at p is repelled by the same fluid in the contrary 
direction ; so that as the particle at p is repelled with not less 
force in the direction pg than in the contrary, Mr. C. does not 
see how a particle at g can help being repelled with more force 
in that direction than the contrary, unless the air on the out- 
side of the surface mn was more overcharged than the space 
between p and g. 

In like manner, if any part of the surface is undercharged, 
the fluid will have a tendency to run in at that part from the 
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air. The truth of this is somewhat confirmed by the 3d pro- 
blem ; as in all the cases of that problem^ the fluid was shown 
to have a tendency to run out of the spaces ad and eh^ at any 
silrface which was overcharged, and to run in at any which 
was undercharged. 

CoroL 1 . If any body at a distance from other over or under- 
charged bodies, be positively electrified, the fluid will gradually 
run out of it from all parts of its surface' into the adjoining air ; 
as it is plain that all parts of the surface of that body will be 
overcharged : and if the body is negatively electrified, the fluid 
will gradually run into *it at all parts of its surface from the 
adjoining air. 

Corol 2. Let the body a, fig. 6, insulated, and containing 
just fluid enough to saturate it, be brought near the overcharged 
body B ; that part of the surface of a which is turned towards 
B will, by prop. 2, be rendered undercharged, and will there- 
fore imbibe electricity from the air ; and at the opposite surface 
ns, the fluid will run out of the body into the air. 

Corol. 3. If we now suppose that a is not insulated, but com- 
municates with the ground, and consequently that it contained 
just fluid enough to saturate it before the approach of b, it is 
plain that the surface mn will be more undercharged than be- 
fore ; and therefore the fluid will run in there with more force 
than before ; but it can hardly have any disposition to run out 
at the opposite surface rs ; for if the canal by which a com- 
municates with the ground is placed opposite to b, as in fig. 6, 
then the fluid will run out through that canal, till it has no 
longer any tendency to run out at rs ; and by the remarks at 
the end of prop. 27, it seems probable that the fluid'in a will be 
nearly in the same quantity, and disposed nearly in the same 
manner, into whatever part of a the canal is inserted, by which 
it communicates with the ground. 

Corol. 4. If B is undercharged, the case will be reverse ; that 
is, it will run out where it before ran in, and will run in where 
it before ran out. 

As far as I can judge, these corollaries seem conformable to 
experiment : thus far is certain, that bodies at a distance from 
other electrified bodies receive electricity from the air, if nega- 
tively electrified, and part with some to it if positively electri- 
fied : and a body not electrified, and not insulated, receives elec- 
tricity from the air if brought near an overcharged body, and 
loses some when brought near an undercharged body : and a 
body insulated atid containing its natural quantity of fluid, in 
some cases receives, and in odiers loses electricity, when brought 
near an over or undercharged botiy. 

§ 4. The well-known effects of points in causing a quick dis- 
charge of electricity seem to agree very well with this theory. 
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It apjiears from the 20th proposition^ that if two sintiilar 
bodies of different sizes are placed at a very great distance from 
each other, and connected by a slender canah and overcharged, 
the force with which a particle of fluid, placed close to corres- 
ponding parts of their surface, is repelled from them, is inversely 
as the corresponding diameters of the*bodies. If the distance 
of the two bodies is small, there is not so much difference in 
the force with which the particle is repelled by the two bodies ; 
but still, if the diameters of the two bodies are very different, 
the particle will be repelled with much more force from the 
smaller body than from the larger. *It is true indeed, that a 
particle placed at a certain distance from the smaller body, will 
be repelled with less force than if it be placed at the same dis- 
tance from the greater body ; but this distance is, he believes, 
in most cases pretty considerable ; if the bodies are spherical, 
and tile repulsion inversely as the square of the distance, a par- 
ti(rle placed at any distance from the surface of the smaller body, 
less than a mean proportional Iietwecn the radii of the two 
bodies, will be repelled from it with more force, than if it be 
placed at the same distance from the larger body. 

Mr. C. thinks, therefore, that we may be well assured, that if 
two similar bodies are connected together by a slender canal, 
and are overcharged, the fluid must escape faster from a smaller 
body than from an equal surface of the larger; b:it as the sur- 
face of the larger body is greatest, he does not know which 
body ought to lose most electricity in the same time ; and in- 
deed it seems impossible to determine positively from this 
theory which should, as it depends in great measure on the 
manner in w^hich the air opposes the entrance of the electric 
fluid into it. Perhaps in some degrees of electrification the 
smaller body may lose most, and in others the larger. 

Let now ach, fig. 18, be a conical point, standing on any 
body j)An, c being the vertex of the cone ; and let dab be over- 
charged : Mr. C. imagines that a particle of fluid placed close 
to the surface of the cone, anywhere between b and c, must be 
repelled with at least as much, if not more force, than it would, 
if the part of the cone was taken away, and the part ach 
connected to dab by a slender canal ; and consequently, from 
what has been said before, it seems reasonable to suppose that 
the waste of electricity from the end of tho cone must be very 
great in proportion to its surface ; though it does not appear 
from this reasoning, whether the waste of electricity from the 
whole cone, should be greater or less than from a cylinder ot 
the same base and altitude. All that has been here said relating 
to the flowing out of electricity from overcharged bodies, holds 
equally true with regard to the flowing in of electricity into 
undercharged bodies. 

Put a circumstance which, lie believes, contributes as much 
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as anything to the quick discharge of electricity from points^ is 
the swift current of air caused by them, and taking notice of by 
Mr. Wilson and Dr. Priestley (vide Priestley, p. 117 and 591); 
ipid which is produced in this manner. If a gHbular body add 
Is overcharged, the air close to it, all round its surface, is ren- 
dered overcharged, by <he electric fluid, which flows into it 
from the body ; it will therefore be repelled by the body ; but 
as the air all round the body is 5*epelled with the same force, it 
is in equilibrio, and has no tendency to fly off from it. If now 
the conical point acb be made to stand out from the globe, as 
the fluid will escape much faster in proportion to the surface 
from the end of the point, than from tl:e rest of the body, the 
air close to it will be much more overcharged than that close to 
the rest of the body ; it will therefore be repelled with much 
more force ; and consequently a current of air will flow along 
the sides of the cone, from b towards c ; by which means there 
is a continual supply of fresh air, not much overcharged, 
brought in contact with the point ; whereas otherwise the air 
adjoining to it would be so much overcharged, that the electri- 
city would have but little disposition to flow from the point into 
it. 

The same current of air is produced in a less degree, without 
the help of the point, if the body, instead of being globular, is 
oblong or flat, or has knobs on it, or otherwise formed in such 
manner as to make the electricity escape faster from some parts 
of it than the rest, 

n 

In like manner, if the body abd be undercharged, the air 
adjoining to it will also be undercharged, and will therefore be 
repelled by it ; but as the air close to the end of the point will 
be more undercharged than that close to the rest the body, it 
will be repelled with much more force ; which will cause exactly 
the same current of air, flowing the same way, as if the body 
was overcharged ; and consequently the velocity with which 
the electric fluicl flows into the body, will be very much in- 
creased. Mr. C. believes indeed that it may be laid down as a 
constant rule, that the faster the electric fluid escapes from any 
body when overcharged, the faster will it run into that body 
when undercharged. 

Points are not the only bodies which cause a quick discharge 
of electricity ; in pfirticular, it escapes very fast from the ends 
of long slender cylinders ; and a swift current of air is caused 
to flow from the middle of the cylinder towards the end : this 
will easily appear by considering, that the redundant fluid is 
collected in much greater quantity near the ends of the cyliiiT. 
d^s, than near the middle. The same thing may he said, but 
pe believes in a less degi*ee, of the edges of thin plates. 

What has just been said concerning the current of air, serves 
to explain the reason of the revolving motion of Dr. Hamilton^ 
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and Mr. Kinnersley’s bent pointed wires, vide Phil Trans, vol. 
5 1 , p. 905, and vol. 53, p. 86 ; also Priestley, p. 429 : for the 
same repulsion which impels the air from the thick part of the 
wire towards the point, tends to impel the wire in the contrary 
direction. ^ 

It is well known, that if a'hody b is positively electrified, and 
another body a, communicating with the ground, be then 
brought near it, the electric fluid will escape faster from b, at 
that part of it which is turned towards a, than before. This is 
})lainly conformable to theory ; for as a is thus rendered under- 
charg d, b will in its turn be made more overcharged, in that 
part of it which is turned towards a, than it was before. But 
it is also well known, that the fluid will escape fiister from b, if 
A be pointed, than if it be blunt ; though n will be less over- 
charged in this case than in the other ; for the broader the sur- 
face of A, which is turned towards b, the more effect will it have 
in increasing the overcharge of b. The cause of this phenome- 
non is as follows : 

If A is pointed, and the pointed end turned towards b, the air 
close to the point will be very much undercharged, and there- 
fore will be strongly repelled by a, and attracted by b, which 
will cause a swift current of air to flow from it towards b, by 
which means a constant supply of undercharged air will be 
brought in contact with b, which will accelerate the discharge 
of electricity from it in a very great degree : and moreover, the 
more pointed a is, the swifter will be this current. If, on the 
other hand, that end of a which is turned towards B, is so blunt, 
tliat the electricity is not disposed to run into a faster than it is 
to run out of «, the air adjoining to b may be as much over- 
ehargefi as that adjoining to a is undercharged ; and therefore 
may, by the joint refflilsion ofu and attraction of a, be impelled 
from B to A, with as much or more force than the air adjoining 
to A is impelled in the contrary direction ; so that what little 
current of air there is may flow in the contrary direction. 

It is easy applying what has been here said to be the case in 
which B is negatively electrified. 

§ 5, In the paper of Mr. Canton's, quoted in tlie 2nd section, 
and in a paper of Dr. Franklin’s, (Phil. Trans., 1755, p. 300, 
and Franklin's letters, p. 1.55) are some remarkable experi- 
ments, showing that when an overcharged body is brought near 
another body, some fluid is driven to the farther end of this 
body, and also some driven out of it, if it is not insulated. The 
experiments are all strictly conformable to the 1 1 th, 1 2th, and 
13th propositions, but it is needless to point out the agreement, 
as the explanation given by the authors docs it sufficiently. 

§ 6. On the Leyden ViaL — The shock produced by the Leyden 
vial, seems owing only to the great quantity of redundant fluid 
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collected on its positive side, and the #?rcat deficiency on its ne- 
gative side ; so that if a conductor was prepared of so great a 
size, as to be able to receive as much additional fliud by the 
s^rae degree of electrification, as the positive side of a Leyden 
vial, and was poyitivc^ly electrified in the same degree as the 
vial, he does not doubt Ihit wliat as^great a shock would be pro- 
duced by making a coinmunicatipn betw'een this conductor and 
the ground, as between the two surfaces of the Leyden vial, 
supposing both coiiiuiiinications to be made by canals of the 
same length and same kind. 

It appears plainly fibm the experiments which have been 
made on this subject, that the electric fluid is not able to pass 
through the glass ; but yet it seems as if it was able to pene- 
trate without much difficulty to a certain small depth, perhaps 
he might say ail imperceptible * depth, with the glass; as Dr. 
Franklin’s analysis of the Leyden vial shows that its electricity 
is contained chiefly in the glass itself, and that the coating is 
not greatly over or undercharged. 

It is well known that glass is not the only substance which 
can be charged in the manner of the Leyden vial ; but that the 
same effect may be produced by any other body, wdiich will 
not suffer the electricity to pass through it. 

Hence the phenomena of the vial seem easily explicable by 
moans of the 22nd proposition. For let accjm, fig. 20, represent 
a flat piece of glass, or any other substance which will not suf- 
fer the electric fluid to pass through it, seen edgewise ; and let 
ndr/D, and i:e/F, or ur/ and £f, as he calls them for sliortness, be 
tw'o plates of conducting matter of the same size, pl.accd in 
contact with the glass ojiposito to each other ; find let Be/ he 
positively electrified ; and let Ef communicate with the ground ; 
and let the fluid be .supposed either able^to enter a little way 
into the glass, but not to pass through it, or unable to enter it 
at all ; and if it is able to enter a little way into it, let or 
or ho, as he calls it, represent that part ef the glass into wdiich 
tile fluid can enter from the plate bcI, and rv that wJiich the fluid 
from e/ can enter. I3y the abovementioned proj>osition, if be, 
the thickness of the glass, is very small in respect of hd, the 
diameter of the plates, the quantity of redundant fluid forced 
into the space Bil, or B'., that is, into the plate i\d, if the fluid 
is unable to penetrate at all into the glass, or into the plate nd, 
and the space h', together, if the fluid is able to penetrate into 
the glass, will be many times greater than what would be forced 

♦ I'he following explication is strictly applicable only to that sort of 
of Leyden vial, whicli consists of a flat plate of glass or other matter. It 
is evident however, that the result must be nearly of the same kind, though 
the glass is made into the shape of a bottle as usual, or into any other form ; 
but he proposes to consider those sort of Leyden vials more particularly in 
a future paper.— 
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into it by the same degree of electrification if it had been placed 
by itself; and the quantity of fluid driven out of e?, will be 
nearly equal to the redundant fluid in B*. 

If a communication be now made between and e?, by the 
canal nhs, the redundant fluid ’^ilUyun from to e? ; and if 
iq its way it passes through the body of any animal, it will, by 
the rapidity of its motion, produce in it that sensation called a 
. shock. 

It appears from the 26 th proposition, that if a body of any 
size was electrified in the same degree as the plate Br/, and a 
communication was made between that body and the ground, 
by a canal of the same length, breadth, and thickness, as nrs ; 
that then the fluid in that canal would be impelled with the 
same force as that in Nns, suppqsing the fluid in both canals to 
be incompressible ; and consequently, as the quantity of fluid to 
be moved, and the resistance to its motion, are the same in both 
canals, the fluid should move with the same rapidity in both : 
and he sees no I’cason to think that the case will be different, if 
the communication is made by canals of real fluid. 

Therefore what was said in the beginning of this section, 
namely, that as great a shock would be produced by making a 
communication between the conductor and the ground, as be- 
tween the two sides of the Leyden vial, by canals of the same 
length and same kind, seems a necessary consequence of 
this theory ; us the (|uantity of fluid which passes through 
the canid, is, by the supposition, the same in botli; and there 
is the greatest reason to think, that the rapidity with which 
it passes will be nearly, if not quite the same, in both. Mr. 
C. hopes sBon to he able to siiy whether this agrees with ex- 
periment as well as theory. 

It Tnny be worth observing, that tlie longer the canal nrs is, 
by Avhlch the communication is made, the less wdll be the rapi- 
dity with wliich the fluid moves along it ; for the longer the 
the canal is, the greater is the resistance to the motion of the 
fluid in it ; whereas the force with which the whole quantity of 
fluid in it is impelled, is the same, whatever be the length of 
tlio canal. Accordingly, it is found in melting small wires, by 
directing a shock through them, that the longer the wire the 
greater charge it requires to melt it. , 

As the fluid in u- is attracted with great force by the redun- 
dant matter in e?, it is plain that if the fluid is able to penetrate 
at all into the glass, great part of the redundant fluid will be 
lodged in 6?, ; and in like manner there will be a great defi- 
ciency of fluid in C;. But in order to form some estimate of 
the proportion of the rediuidunt fluid, which will be lodged in 
let the comniunicalion hetw^een ic/’and the ground be taken 
away, as well as that by which ml is electrified; and let so 
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much fluid be taken from b*, as to make the redundant fluid in 
it equal to the deficient fluid in Et* If we suppose that all the 
redundant fluid is collected in b^, and all the deficient in ct, so 
as fo leave nd and Bf saturated ; then^ if the electric repulsion 
is inversely as the square ^qf the di8tance> a particle of fluid 
placed any where in the plane 6d, ex^eept near the extremities ft 
and d, will be attracted with verj^ near as much force by the 
redundant matter in e* as it is repelled by the redundant fluid in 

; but if the repulsion is inversely as some higher power than 
the square, it will be repelled with much more force by bn, than 
it is attracted by provided the depth is very small in re- 
spect of the thickness of the glass ; and if the repulsion is 
inversely as some lower power than the square, it will be attrac- 
ted with much more force by than it is repelled by 6?. 
Hence it follows, that if the depth to which the fluid can pene- 
trate, is very small in respect of the thickness of the glass, but 
yet is such that the quantity of fluid naturally contained in hi, 
or (V, is considerably more than the redundant fluitl in ij'> ; then, 
if the repulsion is inversely as the square of the distance, almost 
all the redundant fluid will be collected in t>‘^, leaving the plate 
Dd not very much overcliarged ; and in like manner will be 
not very much undercharged : if the repulsion is inversely as 
some higher power than the square, Bd will be very much over- 
charged, and f^very much undercharged ; and if the repulsion 
is inversely as some low'cr power than the sejuare, md will be 
very much undercharged, and K/*very much overcharged. 

Suppose now the plate ad to be separated from the plate of 
glass, still keeping it parallel to it, and oj)pr)bite to the same part 
of it that it before was applied to ; and let the repul^sion of the 
particles be inversely as some higher power of the distance than 
the square. When the plate is in contact Miith the glass, tlie 
repulsion of the redundant fluid in that plate, on a particle in 
the plane bd, id esl, the inner surface of the plate, must be equal 
to the excess of the repulsion of the redundant fluid in on it, 
above the attraction of E,- on it ; therefore, wdien the plate nd 
is removed ever so small a distance from the glass, the repulsion 
of the redundant fluid in the plate, on a particle in the inner 
surface of that plate, will be greater than the excess of the re- 
pulsion of bh on it, aliove the attraction of e? ; for the repulsion 
of will be much more diminished by the removal, than the 
attraction of E' ; consequently some fluid will fly from the plate 
to the glass, in the form of sparks : so that the plate will not be 
so much overcharged when removed from the glass, as it was 
when in contact with it. Mr. C. imagines however, that it 
would still be considerably overcharged. 

If one part of the plate is separated from the glass before the 
resl^ as must necessarily be the case if it consists of bending 
materials, he guesses it w’ould be at least as much, if not more. 
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overcharged, when separated, as if it is separated all at once. 
In like manner, it should seem that the plate f/ will be consi- 
derably undercliarged, when separated from the glass, but not 
so much so as when in contact with it. From the same kind of 
reasoning he concludes, that it the repulsion is inversely as 
some lower power of the distance tiian the square, the plate nd 
will be considerably undercharged, and f/' considerably over- 
charged, when separated from the glass, but not in so great a. 
degree as when they are in contact with it. 

§ 7. There is an experiment of Mr. Wilke and JKpinus, re- 
lated by Dr, Priestley, p. 258, called bjr them, electrifying a plato 
of air ; it consisted in placing two large boards of wood, covered 
with tin plates, parallel to each other, and at some inches asun- 
der. If a communication w’as made between one of these and 
the ground, and the other was 'positively electrified, tiie former 
was undercharged ; the boards strongly attracted each other ; 
and, on making a communication between them, a shock was 
felt like that of the Leyden vial. 

Mr, C. is uncertain whether, in this experiment, the air con- 
tained between the tw”© boards is very much overcharged on 
one side, and very much undercharged on the other, as is the 
case with the jilale of glass in the Leydgn vial ; or whether the 
case is, that the redundant or deficient fluid is lodged only in 
tile two boards, and that the air between them serves only to 
prevent the electricity from running from one board to the 
other ; but whichever of these is the case, the experiment is 
equally conformable to the theory. 

It must be observed, that a particle of fluid, placed between 
the two platfcs, is drawn towards the undercharged plate, with a 
force exceeding tliat with which it wrould be repelled from the 
overcliarged plate, *if it was electrified with the same force, the 
other jilate being taken away, nearly in the ratio of tw’ice the 
quantity of redundant fluid actually contained in the plate, to 
that which it would contain if electrified with the same force by 
itself ; so that, unless the plate is very weakly electrified, or 
their distance is very considerable, the fluid will be apt to fly 
from one to the other, in the form of sparks. 

§ 8. Whenever any conducting body, as a, communicating 
with the ground, is brought sufficiently»near an overcharged 
body D, the electric fluid is apt to fly through the air from a to 
A, in the form of a spark : the way by which this is brought 
about seems to be this. The fluid placed anywhere between 
the two bodies, is repelled from b towards a, and will epnse- 
quently move slowly through the air from one to the other : 
now it seems as if tfiis motion increased the elasticity of the air, 
and made it rarer : this will enable the fluid to flow in a swifter 
current, which will still further increase the elasticity of the air. 
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till at last it is so much rarefied, as to form very little opposi- 
tion to tlie motion of the electric fiuid, on which it flies in an 
uninterrupted mass from ohe body to the other. 

In the same manner may the electric fluid pass trom one body 
to another, in the form of,<i sj^)ark, if the first body communi- 
cates with the ground, and the oth^ body is negatively electri- 
fied, or in any other case in which^me body is strongly disposed 
to part with its electricity to the air, and the other is strongly 
disposed to receive it. 

In like manner, when tjie electric fluid is made to pass through 
water, in the form of a spark, as in Signor Beccarias* and Mr. 
Lane s+ experiments, Mr. C. imagines that the water, by the 
rapid motion of the electric fluid tJirough it, is turned into an 
clastic fluid, and so much rarefied as to make very little opposi- 
tion to its motion ; and when stones are burst or thrown out 
from buildings struck by lightning, in all probability that effect 
is caused by the moisture in the .stone, or some of the stone itself, 
being turned into an elastic fluid. 

It appears plainly, from the sudden rising of the water, in 
Mr. Kinnerslcy's electrical air thermometer,^ than when the 
electric fluid passes through the air, in the form of a spark, the 
air in its passage i.3 either very much rarefied, or entirely dis- 
placed: and the bursting of the glass ves.sels, in Becearia's and 
Lane’s experiraenls, shows that tlie same thing Jiappens with 
regard to the water, when the electric fluid passes through it in 
the form of a spark. Now, Mr. savr no means by whidi the 
dis])lacing of the air or water can be broiigiu about, hut Iiy 
supposing its elasticity to be increased, by the motion of tiu' 
electric fluid through it, unless you suppose it tft be actually 
pushed aside, by the force with which the electric fluid en- 
deavours to issue from the overcharged body : but he can by 
no means think that the force with which the fluid endeaviiurs 
to issue, in the ordinary case.s in which ehartrie sparks are pro- 
duced, is sufficient to overcome the jiressure of the atmosphere, 
much less than it is sufficient to burst the glass vessels in Bee 
caria’s and I.aiie’s experiments. 

The truth of this is confirmed by prop. Ifi. For, let an un- 
dercharged body be brought near to, and opposite to the end of* 
a long cylindrical body, communicating with the ground ; by 
that proposition the pressure of the electric fluid against the base 
of the cylinder, is scarcely greater thuu the force with which 
the two lx>die8 attract each other, provided that no part of the 
cylinder is undercharged ; which is very unlikely to be the case, 

* Elettricismo arliftcialc e nat.nral<% i>, 1 10. Pricsilov, p. SOfl. 

t Phil. Trans. 1767, p. t.71. 

I Phil. Trans, 3763, p. .^1. PncMlf'V, p. 216. 
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if the electric repulsion is inversAy as the square of the dis-^ 
tance, as ne has great reason to believe it is ; and consequently* 
if the spark was produced by the air being pushed aside, by 
the force with which the fluid endeavours to issue from the 
cylinder, no sparks should,, l)e prdducM* unless the electricity 
was so strong, that the for&, with which the bodies attracted 
each other was as great as the pressure of the atmosphere against 
the base of the cylinder ; whereas it is well known, that a spark 
may be produced, when the force, with which the bodies attract, 
is very trifling in respect of that, « 

We may frequently observe, in discharging a Leyden vial, 
that if the two knobs are approached together very slowly, a 
hissing noise will be perceived before the spark ; which shows, 
that the fluid begin^ to flow ‘from one knob to the other, 
before it passes in the form of a spark ; and therefore serves to 
confirm the truth of the opinion, that the spark is brought about 
in the gradual manner here described. 


ROYAL VICTORIA GALLERY OF PRACTICAL 
SCIENCE, MANCHESTER. 


Conversazione held on the Thursday, January 1841. 

W. Fairbairn, Emj., in the Chair. 

The Third Pccture. on the Nutrition of Plants, By X A. Ran- 
som e, Esq., Lecturer on Surgery, &c., at the Royal School 
of Medicine, &c., Pine-street ; Secretary to the Literary and 
I’hilosophical Society, Manchester. 

Mr.llansome opened the proCeedings,by observing that on two 
former occasions he had had an opportunity of bringing before 
the meeting the new views entertained by Liebeg in relation to 
the process of vegetable nutrition ; and, having fully developed 
these views, there still remained an opportunity of making a 
practical aj)plication of the subject. On thf present occasion he 
wished for an audience exclusively of gentlemen, in order that 
he might the more readily enter into details, which he could 
hardly submit for discussion in a mixed assembly. In the an- 
nouncement of the subject for the evening, he had used a new 
term— the art of culture^ — which he considered an episode to the 
general course of lectures, which he was bound to deliver lo 
them. The art of culture implied that some violence, gentle or 
otherwise, was done to assist natural processes — that artificial 
mcij^ns were employed to produce certain effects. The agricul- 
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turist availed himself of the guidance of nature, to produce cer- 
tain effects, which nature herself could not effect, were his 
interference wanting. The main end of vegetable existence 
seemed to be the reproduction of means by which the species 
might be maintained, h* fevf seeds, maturated by the parent 
plant, falling into a suitable soil, j^uld have answered this ob- 
ject, but this was not sufficient It had been wisely ordered 
that where a higher class of beings depended on vegetables, fear 
life and support, the reproduction should be made as abundant 
as possible. It was intended that the increase should be amply 
sufficient for the maintenance of the superior orders of creation. 
That abundance had been, up to the present time, materially 
increased by artificial means, and it was still doubtful whether 
it had as yet reached its maximum. The object of Professor 
Liebeg, was to show how, by the application of certain princi- 
ples, the production of a still greater abundance might be ob- 
tained. It was an object which every good citizen must have 
at heart ; for it had been well said that a man deserved well of 
his country who could make two ears of wheat grow where 
there was only one before. (Applause.) He (Mr. R.) considered 
himself merely as the expositor of Professor Liebeg, for his own 
knowledge of agriculture was slight, and his authority of little 
weight ,* but he would endeavour, as much as possible, to deli- 
ver the substance of Professor Liebeg's book extemporaneously, 
as he (Mr. R.) knew it would be more interestiug to the audi- 
ence than reading from a book. They had seen, on former 
occasions, that vegetables were compounded of four principal 
elements, carbon, oxygen, hydrogen, and nitrogen ; and in addi- 
tion to these there were certain traces of inorganic* constituents 
which were found to follow the exact law of definite propor- 
tions, such as potash, soda, lime, magnesia, &c. Having 
pointed out the existence of carbon, oxygen, hydrogen, and ni- 
trogen in plant matter, Mr. Ransome showed that the carbonic 
acid was furnished to the plant through the medium of the air 
and water, and the leaves, and absorbed into the spongy part of 
the roots. The hydrogen and oxygen were derived from the 
rains furnished by dew or irrigation. The atmospheric air con- 
tained about 79 per cent, of nitrogen, but it was not probable 
that this was assimilated, but that it was furnished by the ammo- 
nia in the atmosphere or in the soil. The inorganic products, 
such as potash, soda, lime, magnesia, &c. he had shown on a 
former occasion to have been derived from the disintegration of 
the rocks of which the soil was composed. If they took a virgin 
uoil, such as the first colonists of America were so fortunate as 
to discover, they would find that the seeds of plants sown in it 
would fiourish according to their natural habitudes — that is, 
each would select a soil suitable to itself ; if sown in a wrong 
situation it would fail, but where it fell into ground suitable to 
it it would flourish. In South America they were able to ac- 
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complibh a task which the English agriculturists could not ; they 
grew for upwards of 100 years successive crops of tobacco plapts, 
but after 100 years the soil ceased to yield this produce ; it was 
exhausted — of what ? not of carboB, that was provided from 
the air ; water might be Vanting in some localities^ but where 
rain was not, there was abundance of dew. Ammonia also 
pervaded the atmosphere ; it was shewn in that room that it 
could be brought down by showers of rain. The exhaustion of 
the soil might in part depend on its being robbed of the nitrogen, 
or the ammonia that furnished it. I^he abstraction of the nitro- 
gen would impoverish the soil. The impoverishment of the 
soil might also be attributed to* the abstraction of the inorganic 
matter. The question then was how the exhaustion could be 
prevented —how the carbon, hydrogen, oxygen, and nitrogen, 
with the inorganic constituents, such as soda, lime, potash, mag- 
nesia, &c. could be preserved ? It had been shewn that plants 
would grow in the air witliout soil, yet these were exceptions ; 
most plants required soil, and in that soil there was a quantity 
of vegetable mould to which the name humus had been given 
by vegetable physiologists. The humus that exists in the soil, 
when brought into a state called coal of humus , was, in fact, a 
sponge which absorbed the oxygen, and formed carbonic acid, 
and then gave out the latter to the plant. We might expect to 
find in every good soil this vegetable mould or humust and this 
ingredient increases after each crop. It would be considered 
bad husbandry for a man to grow two crops ot wheat in two 
successive years ; why ? Some supposed the soil would be ex- 
hausted. ^ut Decandolle and Macairc, who experimented on 
this subject, came to the conclusion, that although the plant 
takes from the soil whatever is presented to it in a state of 
solution, it also excretes back to it those matters not useful for 
its own assimilation. They also found that it would ensure the 
destruction of a plant, to put it into the water where another 
plant of the same kind had grown and left its excrementitious 
matter, showing that the excrement of one plant is the poison of 
another, of the same description. But plants of another species 
would flourish if put into this excrementitious matter, which 
also showed that the excrement of one plant contained the nu- 
triment of another. From these experiments DecandoWe and 
Macaire were quite justified in coming to the conclusion that 
something was thrown off by one crop which would be injurious 
to another in the following year ; but if that matter could be ex- 
posed to the action of oxygen as it exists in the air or water — 
particularly if the eartli were turned up for tillage, so as to ex- 
pose a fresh surface, this excrementitious matter would under- 
go decompostion, and be reduced to a state of coal of humus or 
vegetable mould. This humus had anotlier property, namely, 
that of assuming the form of humic acid, in which state it formed 
slightly soluble compounds with potash, lime, &c. This w’as 
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the dogma of tlie old physiologists, that humie acid united with 
lime, &c., became soluble and was taken up by the spongioles 
of the roots. Now it was founld that the vegetable earth which 
contained this humic acic^avas^injurious to the growth of plants, 
and that the earth which is mixed ^th it is unfit to be used un- 
til it is so thoroughly washed as tc/have lost the pbwer of colour- 
ing the water. — From these experiments it appeared that culti- 
vation did not diminish the quantity of carbonaceous matter in 
the soil, for each crop left behind it more than the preceding 
one exhausted — exhaustion therefore could not proceed from the 
diminution of carbon. The atmosphere contained a sufficient 
quantity of ammonia from which the plant could attract its 
nutriment, in a state of nature. Many of the wild plants did 
not require ammonia, but w^heat and other ])]ants used as 
nourishment in this country required a large proportion of it. 
Wheat possessed more nutritious qualities, in proportion to the 
nitrogen it contained than otiier plants. The supply of nitrogen, 
therefore, should be regarded as an artificial means of increasing 
the produce of the soil within certain limits. The next point of 
inquiry would be to ascertain from what source the loss of 
potash, magnesia, lime, &c., each succeeding crop takes from 
the soil, might be restored. It was obvious to all that, if in a 
crop so many parts of earthy and alkaline matter were abstracted 
from the soil, so much less would be left for the succeeding 
orop. They had then to look by what means this loss might be 
supplied. He v/ould first begin with nitrogen. It was found 
that the destination of plants, besides the reproduction, wras 
generally for the stomachs of animals. In fact, all animals de- 
rived the elements of their growth from plants, ^'he animal 
takes this vegetable food into his stomach, part of it is assimi> 
lated for the growth of his body, and part is voided as excrement, 
the law of the case being, that whatever was solid and insoluble 
passed off in excrement, whatever w^as soluble passed in the 
liquid, and whatever was volatile passed of in exhalations, either 
from the lungs or skin. Nitrogen was a volatile body, and, in 
its com^und state, ammonia was highly volatile, but there was 
a beautiful provision by which the nitrogen in combination was 
kept solid for the purpose of agriculture. The excretion which 
contained the largest^ proportion of nitrogen was human urine. 
According to an analysis of Berzelius, 1000 parts of human 
urine contained 


Urea\,,,. SO.IO 

Free lactic acid, lactate of ammonia, and ani- 
mal matter, not separable from them 17.14 

Unc acid 1.00 

Mucus of the bidder 0.8$ 

Sulphate of potash 8.7 1 

♦ Sulphate of soda .. . 3.16 
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Phosphate of soda 2.94 

PJuisphaie of ammonia j.65 • 

Chloride of sodium 4.4.5 

Muriate of ammonia,,, 1.50 

Phosphates of magnet?, and lime 1.00 

Siliceous earth ? 0.03 

Water.... 933.00 


1000.00 


Those marked in italics were all the elements in the urine that 
contained nitrogen. If the urea were allowed to purity spontane- 
ously — that is, to pass into that state in which it is used as ma- 
nure, all the urea in coinhinalon with lactic acid would be con- 
verted into lactate of ammonia, and that which was free into 
volatile carbonate of amnioiiia. In a necessary, if tlie muriatic 
acid were exposed, white fumes would indicate the combination 
of the ammonia and the acid ; for when the urea undergoes this 
change, it is converted into carbonate of ammonia ami free am- 
monia, both volatile products. Licbeg says, 'Mf a basin filled 
with concentrated muriatic acid is placed in a common necessary, 
so that its surface is in free communication with the vapours 
which rise from below, it becomes filled after a few days with 
cry.stals of muriate. The ammonia, the presence of which the 
organ.s of smell amply testify, combines with the muriatic acid, 
and lo.ses entirely its volatility, and thick clouds, or fumes of the 
salt newly formed, hang over the basin.*’ In dung reservoirs, 
well constructed and protected from evaporation, this carbonate of 
ammonia was retained in the state of solution, and when the 
urine was sjlread over the land, a part of the ammonia would 
escape with the water wliich evaporated, but another portion 
would be absorbed by the soil, if it contained either alumina, or 
iron, or gypsum. But, in general, only the muriate, phosphate, 
and lactate of ammonia remained in the ground. It was these 
alone, therefore, which enabled the soil to exercise a direct in- 
fluence on plants during the progress of their growth, and a very 
small ])roportioii of them escaped absorption by the roots. Thus 
we had one element, and by and by he would allude to the neg- 
lect of the agriculturists of this country in not taking better care 
of what was so very valuable, but which they were apt to consider 
not worth keeping. In Flanders and China this was justly con- 
sidered the best manure ; but our farmers, by their neglect, be- 
nefitted their neighbours as much as themselves, by not preserving 
the ammoniacal gas from escaping. Among the inorganic ele- 
ments contained in urine, were sulphate of })Otash, soda, chloride 
of sodium, phosphate of magnesia, alum, and siliceous earth. 
Might they not see in this, at once, the stock which supplied the 
waste produced in the soil by the growth of plants, and that these 
elements, taken from the soil into the body, were found of no 
use, and returned bark to the soil again. In the solid rxcrc- 
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ments of animals — in the cow, the sheep, the hoi'se, and man him- 
salt, was found a greater or less proportion of azote ; perliaps in 
the cow there was the least proportion, in the horse and sheep not 
much more, and in the hOdyf>f man the largest proportion of all. 
In the cow, the proportion would one-half per cent; in *he 
horse, one per cent ; and in man, from the peculiar nature of 
his food, it amounted to much more ; and in the pig there was 
most of all. I'he horse, cow, and sheep, devoured the grass as it 
grew in the field ; they Ipok in the azote it contained, and assimi- 
lated what was necessary for themselves, and gave off the surplus 
in various ways. The cow gave it off iu her milk or urine, but 
more especially in the milk, which was highly nutritious. It 
passed off from the surface as well as in the excrement of man, 
in whom the proportion varied from one half to five per cent. 
But even here there was a difference between the man who lived 
in the country, and the man who resided in town. The former 
lived chiefly on farinaceous food, being unable to procure animal 
food, and therefore there was a smaller proportion in his excre- 
ments than in those of the town-fed man, who consumed a greater 
proportion of animal food. The town -fed man took in a greater 
quantity of azote than his body required, which was afterwards 
given out in solid excrement and urine. Of all the manures de- 
rived from towns, the excrement of man was considered the most 
nourishing. But there were other sources from which the inor- 
ganic elements of plants could be derived. If, for example, wo 
wanted to supply the land with a sufficiency of phosphate.^ ; \ve 
had the choice of ashes of oak, beech, pine, fir, or Norway pine. 
In the ashes of oak there w'cre only the traces of j>hospltate, in 
beech there was twenty per cent of the phosphate •of soda, pine 
and fir had from nine to fifteen per cent., but the Norway pine 
had only 1.8 of phosphoric acid. With every lOOlbs. of the lixi- 
viated ashes of the beech spread over the soil, we could furnish as 
much phosphate as 4001bs. of fresh human excrement could yield. 
According to tlie analysis of De Saussure, 100 ]>aris of the ashes 
of the grain of wheat contained 32 parts of soluble, and 44.5 of 
insoluble phosphates, in all 76.6 parts. Th»^ ashes of wheat straw 
contanied 11,5 per cent, of the same salts; hence, with every 
lOOlbs. of the ashes of the beech, a field might be supplied with 
phosphoric acid sufficient for the production of 3&201bs. of straw, 
and of from 1 5,0005 bs. to 18,0001bs. of com. It was also found 
that when an animal died, and all his secretions ceased, the bones 
were still useful as manure, and they had this advantage, that 
they could be kepi almost any number of years. Bones contained 
phosphate of lime and phosphate of magnesia ; they also contained 
gelatine, and albumen according to others, and this was rich in ni- 
trogen. Eight pounds of bones contained as raucli of the inor- 
ganic elements as lOOOlbs. of hay or wheat straw, or dOOOlbs. of 
the grain of wheat or oats. The advantages of bone manure were 
pretty well appreciated in this country, and in Flanders and China. 
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With respect to the excrements of cows, black cattle, and sheep, 
these contained ]>hosphate of lime, common salt, and silicate of 
potash. The nature of the excrements were found to vary with 
the elements which the animal had taken in, and always consisted 
of the elements which the body fo«nd Hinfit for its own purposes. 
Bfuman fceces, or excrement^jMiccording to an exact analysis fur- 
nished by Berzeiius, containlid, besides three-fourths of their 
weight in water, nitrogen in very variable quantity, namely, in the 
minimum 1 in the maximum five per cent In all cases, how- 
ever, they were richer in this element than the excrements of 
most other animals. Berzelius obtainecl by the incineration of 
100 parts of dried excrements, 15 parts of ashes, which were 
principally composed of the phosphates of lime and magnesia, 
both of which enter into the composition of the husk of wheat. 
With respect to vegetable feeders, such as the horse, cow, and 
sheep, the excrements of the two latter restored to the land the 
silicate of potash, and salts of phosphoric acid, which was re- 
moved from it in the shape of corn, roots, or grain, and the ex- 
crements of the horse gave back to the soil phosphate of magnesia, 
and silicate of patash ; and the sti’aw which they used as a litter, 
restored a further quantity of silica of potash and phosjdiates, 
which, if the straw were putrified, would be exactly in the same 
condition in which tliey were before being assimilated. It v\'as 
evident, therefore, that a farm containing a certain number of 
human beings, and a certain portion of which was allotted for the 
grazing of cattle and the growing of com, would be very little 
impoverished if the excrements of the human beings and cattle 
were carefully distributed over it every year. In the case of a 
number of young children being born and reared on tlie farm, 
the alteralion*iii the laud would still be very little ; for, sa])posing 
the children continued there till they reached maturity, and cou- 
seqiiciilly assimilated a great proportion of the inorganic matter, 
let them die and be given back to the ground, and then it would 
contain as much as it did at first. 'Fhis shewed the necessity 
of using over again the excrements as manure for the purpose 
of reproduction ; and it also shewed the fallacy of much that 
liad been said about excessive population and a deficiency of 
food ; for the supjily of food seemed to be. always in proportion 
to the increase of’ population, (within certain limits,) and the 
means of returning to the soil the necessary elements. 

The Chairman. — In this case do you suppose that the inhabi- 
tants consume all the produce ? 

Mr. Ransome. — Yes. 

The" Chairman. — If the population is redundant, do you sup- 
posed consequent impoverishment of the soil ? 

Mr. Ransome said he had taken a hypothetical case — a farm 
of a given extent, supporting a certain number of animals during 
a cycle of years. 
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The Chairman. — If I understand you right the animals and 
the men would consume that produce. 

•Mr. Ransome. — Yes. Sometimes^ however, an animal Would 
be satisfied with eating ^certain quantity, and sometimes he 
would eat more than was required for his sustenance ; a fault 
not confined to brutes — man also |ften takes ^ little too much. 
In the excrements of animals some of the surplus passed through 
unchanged, and Liebig remarks that “ we cover our fields every 
year with the seed of vreeds, 'which, from their nature and form 
pass undigested along with the excrements through animals 
without being deprived of their power of germination ; and yet 
it is considered surprising that where they have once flourished 
they cannot again be expelled by all our endeavours : we think 
it very astonishing, while we really sow them ourselves every 
year. A famous botanist attached to the Dutch embassy to 
China could scarcely find a single plant on the corn fields of the 
Chinese, except the corn itself." By thus spreading over our 
corn fields the excrements of animals, wx impregnate the soil 
with the seeds of weeds, 'which interrupt the growth of the 
crops we are seeking to cultivate. In Flanders and China ani- 
mal excrements are thought little of, while human excrements 
are highly prized ; and urine, a manure which in this country 
is perhaps most neglected, is with them considered best of all. 
When exposed for a length of time to the air, urea undergoes 
decomposition, uric acid and lactate of ammonia undergo decom- 
position, and free ammonia escapes into the air. Wliat is left 
behind is collected for the purpose of manuring the ground ; 
but it has lost the principal element which should have been 
saved — namely, ammonia, which, passing into the*air, benefits 
the neighbouring farmer as much as him who collects it. This 
gives rise to the question, can it not he economised ? In China 
we know they take the greatest care of it. Mr. Ransome then 
referred to what he had said on a former occasion respecting the 
influence of gypsum and muriate of lime, which, in certain cir- 
cumstances, converted carbonate of ammonia into sulphate and 
muriate of ammonia. Fie also showed, on that occasion, that 
some earths had an affinity for ammonia. Professor Liebig 
proposed that wherever urine was kept for the purpose of 
manure, that it should be mixed, before it underwent decom- 
position, with coarsely powdered gypsum, or sulphate of lime# 
By this means the ammonia, instead of escaping into air, became 
fixed, and could be removed to the soil. This kind of manure 
was exceedingly useful in breaking up the masses of which the 
earth was composed, subdividing it and otherwise improving its 
mechanical texture. Having seen from what source nitrogen, 
pboUpluites of soda and lime, &c», might be derived, and also how 
they might be diminished, he would next come to the question, 
iii what proportions 'wxre they to be added to the soil ? If a 
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proportion greater tlian nature pointed out were used, the plants 
would be over-stimulated, and the produce would be diminished. 
It was necessary, therefore, to observe a medium in the use of 
these means ; for, supposing that the presence of nitrogen gave 
the plant a power of assimilating more rapidly the carbon, tfie 
oxygen, and the hydrogen, for *whe^;ever these three existed 
th«y were generally in cohijhination with the vesicle or mem- 
brane that contained the nitrogen, yet the quality of some plants 
would undergo a change on account of the extra proportion 
of nitrogen. Wheat, for instance, would deteriorate in quality, 
and potatoes also. The latter would contain less starch, be 
larger, and have more cells; they would be waxy, and in 
Lancashire he could hardly expect such a change would be 
considered advantageous. The suggestion of Professor Liebig 
respecting the use of the bone manure was important. He 
saiil, that instead of allowing the bones, simply after pulver- 
ization, to be sprinkled over the fields, they should be mixed 
with half their weight of sulphuric acid, and after remaining 
in contact for some time, to b? diluted with 800 or 1,000 parts 
of water, and then sprinkled over the soil. This would render 
the ground far more productive than if a course powder were 
sprinkled over its surface. The sandy soils of the South 
American coast were rendered fertile by a process not unlike 
that produced by the use of the urine of men and animals. 
They were manured by a substance called guano, consisting 
of iirato of ammonia %nd other ammoniacal salts found in the 
islands of the Pacific, and abundant crops were produced. The 
idea was taken from the fertility produced by the faeces of 
carnivorous birds, which were analogous to those of serpents, 
'fhe next pejint to which he would draw their attention was, 
that if they supplied the land with nitrogen, and at the same 
time omitted to supply it with potash, soda, magnesia, alumina, 
or other inorganic substances, they would do it more harm than 
good. This had been practically decided in the Vineyards, in 
the neighbourhood of the Rhine, where some persons were in 
the habit of manuring their vines with the cuttings of horn, 
and bone povvder, liy which means they forced the growth of 
the vines, and increased the quantity of their produce ; but as 
they neglected to supply their vines with inorganic elements 
which were necessary for the plants, they completely ruined 
their vines. There was one poor man in ^at place, whose sole 
dependence was on the produce of his vineyard, and as he was 
not able to manure his vines after the expensive manner of his 
neighbours, with an ingenuity which did him credit, he dis- 
covered a method of renewing his vines, which were almost 
worn out, and which were the only support of his old age. He 
observed, that wherever the cuttings of the vine were buried, 
the grass sprung up most luxuriantly ; and he reasoned thus : — 
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If the grass springs up luxuriantly on account of these cut- 
tings, why may ^not the vines ? Accordingly he applied the 
cuttings round the roots of the vines — inorganic elements being 
thus supplied to the plants^ his vineyard from being the poorest 
soon became the richest in the neighboiirliood. In what part 
of the plant were these ifiorgiinic a’lements found ? In a spread- 
ing tree they were in the largest^oportion in the leaves, ufext 
in the branches, and least of all in the trunk. At the autum- 
nal fall of the leaf they were once more returned to the soil, 
where they were again taken in at the spongy parts of the 
roots, and thus the foliage and growth of the tree 'were renewed 
from year to year. These were points bearing on practical cul- 
ture, but there were one or two curiosities connected with it 
which he would be wrong to omit. On a fanner occasion ht* 
observed that one plant might contain potash, and another of 
the same kind soda, which shewed that there was a principle of 
substitution in existence. 1'his was proved in the case of a 
certain maratime plant, saho alkali, which, wdien grow’ing on 
the shore contained sotla as its alkaline principle, hut if sown on 
land where there W’as no soda, it would produce seeds contain- 
ing one half soda and one half potash ; l>ut the plants from 
these seeds would produce nothing but potash, shewing how one 
plant might replace another, where nothing else could be had. 
In some samples of the Jesuits bark it was lound that the pro- 
portion of quinine was very trifling, but whenever this w'usthe 
case, the deficiency was supplied by linie. On the other hand 
with respect to acid, there was plenty of opium that had non<,* 
of its peculiar acid, the meconic, but the deficiency was replaced 
by sulphviric acid ; so that it might be sometinies necessary to de- 
prive the soil of some of its inorganic elements, is order that a 
plant having deficiency of one acid or alkali, might be com- 
pensated by the supply of another of its own secretion. In 
looking forward, therefore, to a crop, the first question would 
be, wiiat does the soil contain ? and the next, wdiat will the 
crop, which may be expected from the soil, contain ? And if 
it were found that no relation or correspondence existed between 
the crop and the soil, success could not be expected ; and tlius 
the interference of the art of culture was called into existence. 

I have thus, gentlemen, (said Mr. Ran some,) endeavoured, 
as well as I could from memory, to bring before you some of 
the facts recorded Professor Liebig’s book, and I hope the 
seeds which have been thus cast on the earth, may bring forth 
fruit in such abundance, as wdll convince the most ignorant and 
the most prejudiced that science can do something for agricul- 
ture, and that Professor Liebig, in sending forth this book, may 
be considered as the friend and benefactor of his species. 
(Applause.) 

The Chairman said, that as the subject was one of vast inter- 
est to the country, he would be happy to hear any observations 
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w hich any of the gentlemen present, some of whom were agri- 
culturists, might choose to offer. 

Mr. Read : I understood you to say, that Professor Liebig 
had given the amount of potash derived from the decomposition 
of the rocks which produce it } ^ 

Mr. Ransome : He take;;, a rfessian acre, which contains 
40^,000 square feet, and says i.’ that undergoes decomposition to 
tlie depth of 20 inches, a soil of fell spar would contain 
1 ,1 52,000lbs. clink stone, from 20,000 to 40,0001bs. basalt, 
from 47,500 to 75,000lbs. clay slate, from 100,000 to 200,000lbs. 
loam, from 87,000 to .S00,000lbs. potash, is present in all clays : 
<according to Fuchs it is contained even in marl. It has been 
found in all the argillaceous earth in which it has been sought. 
He shows tliat the inorganic element, potash, may be derived 
from tlie decomposition of rocks; An expert agriculturist could 
tell the certain constituents necessary to produce a crop. 

A gentleman said he was reminded by the observations of 
Mr. Ransome of what he had frequently seen in Cheshire, 
where tlie farmers had their dunghills elevated in such a way, 
that tlie fluid ])arts ran off and escaped, leaving them only the 
solid and inferior parts. 

The Chairman said that the farmers in Switzerland were very 
))articiilar with regard to the preservation of their urine. They 
Ijad pits to the deptli of 84 feet below the surface of the ground, 
where, surrounded by a sort of wicker-work, the urine was 
preserved until it was mixed with loam, as Mr. Ransome des- 
cribed. 

Mr. Simpson knew a gentleman who considered it profitable 
to kee]) a pac^ of bounds, for by the wash from therr kennel he 
obtained twelve loads of hay, where only three grew before. 

Mr. Moore said, he was sure the agriculturalists of the neigh- 
bourhood would consider themselves much obliged by the kind and 
able maimer in which Mr. Ransom© had introduced Professor 
Liebig’s book to their notice. His long connection with the 
INI an Chester agricultural society bad afforded him (Mr. Moore) 
frequent opportunities of intercourse with intelligent farmers, who 
had often acknowledged the want of such a work ; indeed hitherto, 
little had been known as to the comparative value of manures be- 
yond their chemical action. For instance, fanners had been well 
aware that, to make sandy or loose land retain a proper supply of 
water for vegetation, the addition of marl was necessary ; and sand 
had been usefully applied to stiff clayey soils to render them less 
leiiaceous of water, and to enable the roots of plants to spread 
themselves and range about more freely in search of food, whatever 
that food might be. Farmers also know, that upon poor or exhaus- 
ted soils, they could get crops of potatoes, corn, and clover, by the 
addition of stable dung, either used by itself, or mixed with the 
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night soil, which Manchester furnishes to a very great extent; and 
upon newly reclaimed moss land, they could grow potatoes, turnips, 
OP cabbage, with the same kinds of manure ; but, before they at- 
tempted to produce wheat, oats, or barley, it was necessary to 
apply marl to enable th<^corA to snpport itself, there being no 
proper matter in the peat earth to fpTnish the flinty outside of tiie 
straw. Gardeners as well as farmers noticing the luxuriance wilh 
which hyacinths and other bulbous rooted plants flourish in water, 
have been naturally led to believe that water and the soluble matter 
it contained must have formed the most important food of such 
plants ; and the same persons observing many epiphytes would 
flower beautifully, although entirely disengaged from other plants, 
if they were suspended in an atmosphere containing a proper degree 
of moisture, could not help believing that this tribe of plants at 
least was supported by a supply of food from the nir itself. The 
great value of liebig’s book appeared to be this — that, when put 
into more familiar language, it will enable farmers to account for 
their failures as well as for their success under different manage- 
ment, and explain many interesting facts with which they have long 
been familiar in practice, Mr. Moore also observed, that as it was 
now ascertained that plants require access to the air by their roots, 
as well as by their leaves, the necessity and advantage of keeping 
land well drained and free from stagnant water was clearly demons- 
trated. To chew that the fanners near Manchester were not un- 
mindful of the advantages which that town afforded them, Mr. 
Moure said he had, about twelve years back, procured an account ol 
the manure removed from the town on the Cheshire road, and 
found that more than twelve hundred carts passed weekly through 
the Cornbrook bar alone, laden with clung. Taking two-lbirds of 
tills manure to be applied to the growth of potatoes, which several 
intelligent farmers agreed with him in supposing would he the case, 
and reckoning upon a fair average cro]>, he found that more than 
three hundred thousand loads of this most useful vegetable was 
thus procured, beside the com and clover which, in ibc usual 
rotation of crops, would follow. In this way, when a judicious 
system of agriculture is pursued in the neighbourhood, the inhabi- 
tants of Jai’ge towns are regularly relieved from unhealthy accumu- 
lations of offensive matter, and, by the wonderful arrangements of 
an Almighty Providence, are rontinually receiving back, in an 
endless variety of new and beautiful forms, a bountiful supply of 
those simple elements which constitute the most nutritive and 
essential food of man. 

Mr. Day said that when Mr. Ransome spoke of urea as a 
manure, it reminded him of several fertile meadows in the 
neighbourhood of Edinburgh, whose production he found, on 
idquiry, to arise from their being overflowed several times a 
year by the common sewers of the city. This was a very 
extensive experiment, proving tlie fact mentioned by Mr. 
Ransome. If some provision were made in Manchester for the 
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preservation of urea, it Avould be of great benefit to the sur- 
rounding neighbourhood. 

The Chairman was surprised that in Edinburgh, where there 
were such excellent farmers — East Lothian particularly — there 
should be a waste of such K<iateriftl. "^e remembered that some 
th'ne ago a joint-stock comj^ny was formed in London to pump 
up all the main sewers, and send their contents off by the rail- 
ways to the surrounding districts. If something of the kind 
had been done, it j would have proved useful to society at large. 

Dr. Black said their was an immense reservoir in the vicinity 
of Paris for the reception of urine. 

Mr* liansome said that while this was a powerful manure, 
according to Liebig it would be still more so, if it were neutra- 
lized by some cheap mineral acid. 

Mr. Hopkins said that in Rome, not only did they throw all 
the sweepings of the street into the Tiber, but the refuse of 
public slaughter-houses ; such as the blood and animal excre- 
ments were also thrown in, and no one ever saw a single load 
of manure taken from Rome to the adjoining neighbourhood. 
It was to he liopcd that such views as were developed that night 
would reach even Rome, and teach the people of that country 
the necessity of preserving thin valnable manure. He trusted 
that through the exertions of Mr. Ransoine, Professor Liebig’s 
book would soon be epitomized, and put into the hands of the 
fanners in a popular and familiar style of language, so that they 
might be able to enter into the views of the author, and add 
their experience to the scientific knowledge w’hich he had 
brought to j)ear upon this subject. Farmers occasionally meet 
w ith facts, w hich they observe and act upon, but, being unable 
to account for them, these facts generally remained insolated 
and barren. When in Italy in ISl^, he (Mr H.) observed 
large trenches dug, and filled with sticks, in which the vines 
were planted. On enquiring' he was told that the sticks were 
employed, because the roots of the vine would penetrate moxe 
easily through them. Their idea was to diminish the mechani- 
cal resistance, but from what Mr. Ransorae had stated, it was 
evident that thay had planted their vines in the very best stra- 
tum that could be procured. They knew, by experience, the 
value of the sticks, but could not tell in what respect they were 
valuable. But as soon as science was united with the accidental 
'experience of the practical man, the results would be of the 
most beneficial character. 

The Revl W. Hutchinson said sodii was not only useful as a 
manure, but also valuable in destroying snails, &c., which in- 
jured the plant. 

The Chairman observed that there was one important f^t 
which should never be forgotten, — namely, draining and the 



218 


(hi the Nutrition of Plants. 

use of subsoil ploughs, which would let the air down to the 
roots of the plants, and increase their vegetation. He very much 
regretted that little attention w^as paid to culture in this country. 
If farmers paid sufficient attention to ploughing and draining, 
they would have double the’u^ual produce. He trusted, that 
by a better system of culture than wJs hitherto adopted in th^js 
country, where agriculture was cohsidered only as a secondary 
object, farmers would be able, not merely to grow twice, but three 
times the amount of jiroduce now obtained from the surface of 

Great Britain and Ireland. 

• 

Mr. Head : Mr. Ransome mentioned, that in South America 
the inhabitants made the sandy soils capable of producing abun- 
dant crops, by using an admixture of the faeces of carnivorous 
birds and serpents. 

Mr. Read said, that as wc were informed in scripture that in 
time of scarcity lire fourth part of a cale of doves’ dung sold for 
five pieces of silver, he wished to know if tliere was any com- 
jiarative estimate of the prolific capability of that species of 
inamire traced by Liebig ? 

Mr. Ransome answered in the negative. 

Mr. Swindells said, that farmers had ascertained that bones 
were better manure after than before they were boiled. If 
they w ere applied to the soil without being boiled, they would 
not produce any eflect for two or three years, because the gela- 
tine should be dissolved before the ammonia could act on tlie 
phosphate of lime; but wdien the gelatine became dissolved, the 
bones became a prolific manure. 

Mr. Ransome then read the following experiments and obser- 
vations on the action of charcoal on vegetation, by Edward 
Lucas. 

In a division of a low hothouse in the botanical garden .at 
Munich, a bed was set apart for young tropical plants, but in- 
stead of being filled with tan, as is usually the case, it was 
filled with the powder of charcoal, (a material w hich could be 
easily procured,; the large pieces of charcoal having been pre- 
viously separated by means of a sieve. The heat was conducted 
by means of a tube of white iron into a hollow space in this bed, 
and distributed a geptle warmth, sufficient to have caused tan 
to enter into a state of fermentation. The plants placed in this 
bed of charcoal quickly vegetated, and acquired a healthy appear- 
ance. Now, as always is the case in such beds, the roots of many 
of the plants penetrated through the holes in the bottom of the 
pots, and spread themselves out ; but these plants evidently 
surpassed in vigour and general luxuriance plants grown in the 
common w ay, for example, in tan. Several of them, of which 
I shall only specify the beautiful Thunbergia alata, and the 
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genus Peireskia, tlirove quite astonishingly ; the blossoms of the 
former were so rich, that all who saw it affirmed they had never 
before seen such a specimen. It produced also a niioiber of 
seeds without any artificial aid, wliile in most cases it is neces- 
sary to apply the pollen by the hand. The Peireskia grew so 
vigorou.sly, that the P. ac/ileata*proftuced shoots several ells in 
ill length, and the P. grandifoHa acquired leaves of a foot in 
length. These facts, as well as the quick germination of the 
seeds which had been scattered spontaneously, and the abun- 
dant appearance of young Filices, naturally attracted my atten- 
tion, and I was gradually led to a series of experiments, the 
results of which may not be uninteresting ; for, besides being 
of practical use in the cultivation of most plants, they demon- 
strate also facts of importance to physiology. '1 he first experi- 
ment w'hich naturally suggested itself was, to mix a certain 
proportion of charcoal with the earth in wliich the different 
plants grew, and to increase its quantity according as the 
advantage of the method was perceived. An addition of two- 
thirds of charcoal, for example, for vegetable mould, apj^eared 
to answer excellently for the Gesneira and Gloxinia, and also for 
the tropical Aroideae with tuberous roots. The two first soon 
excited the attention of connoisseurs, by the great beauty of 
all their parts and their general appearance. They’surpassed 
very quickly those cultivated in the common way, both in the 
thickness of their stems and dark colour of their leaves ; their 
blossoms were beautiful, and their vegetation lasted much 
longer than usual: so much so, that in the middle of November, 
when other plants of the same kinds were dead, these were quite 
fresh, and partly in bloom. Aroidrae took root very rapidly, 
and their le^fives surpassed much in size the leaves of those not 
so treated ; the species, which are reared as ornamental trees on 
account of the beautiful colouring of their leave.s, (I mean such 
as the Caladium bricolor, Pictiuin, Piccile, &c.,) were ])articu- 
larly remarked for the liveliness of their tints ; and it happened 
liert? also, that the period of their vegetation was unusually long. 
A cactus, planted in a mixture of charcoal and earth, throve 
progressively, and attained double its former size in the space 
of a few weeks. The use of the charcoal was very advantage- 
ous, with several of the Bromeliaca? and Siliaceie, with the 
Citrus and Begonia also, and even with the PalinaD. The same 
advantage was was found in the case of almost all those plants 
for which sand is used in order to keep the earth porous, when 
charcoal was mixed with the soil instead of sand ; the vegeta- 
tion was always rendered stronger and more vigorous. At 
the same time that these experiments were performed with mix- 
tures of charcoal with different soils, the charcoal was also used 
free from any addition, and in this case the best results were 
obtained. Cuts of plants from different genera took root in it 
well and quickly. I mcn^on only the Euphorbia Fastnoso and 
Enlgcns which took root m ten days ; Pandaus utihis in three 
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months, P. amaryllifolius, Chamoedorea dlatior, in four weeks^ 
Pigernigean, Begonia, Ficus, Cacropia, Cliicocea, Buddleja, 
Hatrea, Phyllanthus, Capparis, Laurus, StifFtsa, Jacquinia, Mi- 
trfbsa. Cactus, in from eight to ten days, and several others, 
amounting to forty species, including Ilex and many others. 
Leaves, and pieces of leAres,* and ^ven dedimenti or petioles, 
took root in part budded in pure charcoal. Amongst others 
may mention the fioliola of several of the Cycadeoe as having 
taken root, as also did parts of the leaves of the Begoniee Sel- 
sairice, and Tacarandabrasiliensis, leaves of Euphorbia fastnosa, 
Oxelis Barrilieri, Ficus, .Cyclamen, Polyanthus, Mesembrian- 
themum ; also, pieces of a leaf of the Agave American, tufts 
of Pinus, &c., and all without the aid of a previously formed 
bud. 

“ Pure charcoal acts excellently as a means of curing un- 
healthy plants. A Dorianthes cxceloa, for example, which had 
been drooping for three years, v/as rendered completely healthy 
in a very short time by this means. An orange-tree, which had 
the very common disease in which the leaves became yellow; 
acquired within four weeks its healthy green colour, when the 
upper surface of the earth was removed from the put in whicli 
it was contained, and a ring of charcoal of an inch in thickness 
strewed in its place around the periphery of the pot. The same 
was the case with the ^ardemia, 

“ I should be led too far, were I to state all the results of the 
experiments which I have made with charcoal. The object of 
this paper is merely to show the general effect exercised by this 
substance on vegetation, but the reader who takes particular 
interest in the subject, will find more extensive oI»scrvations in 
the Allgemeine deutsche Q arieuzeitungy of Otto ai«l Dirtrich hi 
Berlin. 

The charcoal employed in these experiments was the dust 
like powder of charcoal from firs and pines, such as is used in the 
forges of blacksmiths, and may be easily procured in any quan- 
tity. It was found to have most effect when allowed to lie 
during the winter exposed to the action of the air. In order to 
ascertain the effects of different kinds of charcoal, experiments 
were also made upon that obtained from the hard woods and 
peat, and also upon animal charcoal, although I foresaw the 
probability that noiie of them would answer so well as that of 
pinewood, both on account of its porosity and the ease with 
which it is decomposed. It is superfluous to remark that in 
treating plants in the manner here described they must be plen- 
tifidly supplied with water, since the air, having such free 
access, penetrates, and dries the roots, so that unless this pre- 
caution is taken, the failure of all such experiments is unavoid 
able. 

** The action of charcoal consa^ primarily in its preserving 
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the parts of the plants with which it is in contact, whether they 
be roots, branches, leaves, or pieces of leaves, unchanged in 
their vital power for a long space of time, so that the plant ob- 
tains time to develope the organs which are necessary for its 
further support and propa^^ation^ Tli^e can scarcely be a doubt, 
also, that the charcoal undergoes decomposition, for after being 
used five to six years it becomes a coaly earth, and if this is the 
case it must yield carbon, or carbonic oxide, abundantly to the 
plants growing in it, and thus afford the principal substance 
necessary for the nutrition of vegetables. In what other 
manner, indeed, can we explain the deep green colour and 
great luxuriance of the leaves and every part of the plants, which 
can be obtained in no other kind of soil, according to the opinion 
of men well qualified to judge. It exercises, likewise, a favour- 
able influence by decomposing and absorbing the matters 
absorbed Qquery, excrcteci]] by the roots, so as to keep the soil 
free from the putrefying substances which are often the cause of 
the death of the spoiigiolu*. Its porosity, as well as the power 
which it possesses of absorbing water w’ith rapidity, and, after 
its saturation, of allowing all other water to sink through it, are 
causes also of its favourable effects. These experiments show 
\>hat a close affinity the component parts of charcoal have to all 
plants, for every experiment was crowned with success, although 
plants belonging to a great many different families were sub- 
jected to trial.” 


TET'J'ER from WILLIAM STURGEON to the Editor of 
the Nautical Magazine** 


In your number of the Nautical Magazine*' for the 
present month, at the foot of page 110, you have inserted the 
following note, ** Doubtless Mr. Sturgeon's remarks on Dr. 
Faraday were quite uncalled for.” I do not mean to say that 
ijour remark, in that note, was quite uncalled for, because I 
think it possible that you entertain an idea that there are some 
misstatements in my strictures on Dr. Faraday's papers; and 
that you are prepared, and may probably have a wish, to point 
them out. To such a proceeding I can certainly have no ob- 
jection, nor can any one more cheerfully acknowledge any error 
in his scientific writings, than I should do, were they clearly 
and satisfactorily pointed out, either by you, or by any other 
gentleman. But as I have, already, been led into a very un- 
pleasant and fruitless discussion, with Mr. Harris, on a question 
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of great national importance, it is my intention to avoid, a» 
much as possible, again entering into discussion with such desul- 
tcpreous and unprepared reasoners : and, therefore, should you 
be inclined to enter the lists in favor of those papers of Dr. 
Faraday which I have ca^ed in question, I must request that 
you %vill draw no inferences but fi*f)m those facts with which 
you are perfectly acquainted from your own experience, arid 
that you strictly adhere to the subject matter wdiich you under- 
take to discuss, w’ithout having recourse to other authority, and 
without allusion to any other subject or circumstance whatever. 
Upon these conditions, ahd these alone, can I be induced to de- 
vote much time to reply to any remarks you may think proper 
to place before the readers of your magazine. 

As to the desultory clamour in which Mr. Harris continues 
to indulge, in the Naniical Magazine it being of the same 
stamp as that to which he has constantly resorted from the com- 
mencement of his defence of his ligiitning concluctois, is not 
likely to have much w’eight on the minds of those who are qua- 
lified to judge of the matter : therefore, I must decline making 
any remark on the verg scientife and gcntternanlg effusions 
which appear in your last number. My opinion, and the rea- 
sons for forming that opinion, of Mr. Harris's marine lightning 
conductor, are very clearly stated in the fourth volume of the 
Annals of Electricity, &c.," and in that volume and in the 
succeeding one, are the whole of my letters, in reply to the 
various attempts, that have since been made, to defend the pro- 
priety of those conductors being generally introduced to the 
Royal Navy. 

1 have the honor to be. 

Sir, 

Your very obedt. Servt. 

WILLIAM STURGEON. 

Eogal Victoria Gallery of Practical Science, 

Manchester, Feb. 22nd, 184?1. 

* The paper alluded to, appears in the February No. of the “ N^autical 
Magazine," in which Mr, Harris employs his usual pell mell style of rca- 
aoning. The theme of this production, is an attempt to evade the effects 
of my remarks on his unaccountable statement in page 53, vol. 6, of these 
Annals,^’ viz. “ It i^only in the absence of continuous conductors we find 
such magnetic effects, and even then thoir occurrence is comparatively rare.” 
m I do not intend to make any further remarks, on this point, than those 
already before my readers; but as I am nvraro of the interest with which 
original papers, containing data on controverted topics, are read, 1 have 
procured the following document from the Philosophical Transact'ums of 
the Royal Society, in which it will be found that Sir Humphrey Davy dis- 
covered that electric discharges, through good conductors, are productive of 
powerful magnetic action on steel ; even though situated at a considerable 
disfance from them, a fact now well known by every Electro-magnest. 
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Phil. Trans, for 1820, page 7. ^ 

On the Magnetic Phenomena produced by Electricity ; in a 
Letter from Sin H. Davy, Babpt., W. H. Wollaston, M. D. 
P. R. S. 

Head Not. 16, 1820. 

My Dear Sin, 

The similarity of the laws of^ electrical and magnetic 
attraction has often impressed philosophers : and many years 
ago, in the ]>rogress of the discoveries made with the voltaic 
pile, some enquirers (particularly M. Ritter,)* attempted to es- 
tfihlish the existence of an identity or intimate relation between 
these two powers ; but their views being generally obscure, or 
their experiments inaccurate, they were neglected ; the chemi- 
cal and electrical [dienornena exhibited by the wonderful com- 
bination of Volta, at that time almost entirely absorbed the 
attention of scientific men, ; and the discovery of the fact of 
the true connexion between electricity and magnetism, seems 
to have been reserved for M. Girsted, and for the present year. 

Tills discovery, from its importance and unexpected nature, 
cannot fail to awaken a strong interest in the scientific wmrld ; 


• M. Ritter asserted that a needle composed of silver and zinc axTanged 
itself in tho magnetic meridian, and was slightly attracted and repelled by 
the poles of a magnet ; and that a metallic, wire, after being exposed in the 
voltaic circuit took a direction N. K. and S. E, His ideas are so obscure, 
that it i.s often ?iiffiriiU to understand them : but he seems to have had some 
vague notion that electrical combinations, when not exhibiting their elec- 
trical tension, were in a magnetic state, and that there was a kind of electro- 
magnetic mciidian depending upon the electricity of the earth. (See An- 
nales de Chimie, tome 61, p. 80.) Since this letter has been written, Dr. 
Marcet has been so good as to send mo from Genoa some jxages of Aldinion 
Galvanism, and of Izarn's Manual of Galvanism, published at Paris more 
than sixteen years ago. M. Mojoii, senior, of Genoa, is quoted in those 
pages, as having rendered a steel needle magnetic, by placing it in a vol- 
taic circuit for a great length of time. This, how%vcr, seems to have been 
dependent merely upon its place in the magnetic meridian, or upon an 
accidental curvature of it : But M, Komagiiesi, of Trentc, is stated to have 
discovered that the ixile of Volta caused a deviation of the needle. Tho 
details are not given, but if the general statement be correct, the author 
could not have observed tho same fact as M. CErsted, but merely supposed 
that the needle had its magnetic polos altered after being placed in tho vol 
laic circuit as a part of tho electrical combination. 
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and it opens a new field of enquiry, into which many experi- 
menters will undoubtedly enter : and where there are so many 
objects of research obvious, it is scarcely possible that similar 
facts should not be observed by different persons. The pro- 
gress of science is, however, always promoted by a speedy 
publication of experiments ; hence, though it is probable that 
the phenomena which I have observed may have been disco- 
vered before, or at the same time in other parts of Europe, yet 
T shall not hesitate to communicate them to you, and through 
you to the Royal Society. 

I found in repeating tlie experiments of M. GLrsted with a 
voltaic apparatus of one hundred pairs of plates, of four inches, 
that the south pole of a common magnetic needle (suspended 
in the usual way) placed under the communicating wire of the 
platinum, (the positive end of the apparatus being on tlie right 
hand,) was strongly attracted by the wire, and remained in con- 
tact with it, so as entirely to alter the direction of the needle, 
and to overcome the magnetism of the earth. This I could 
only explain by supposing that the wire itself became magnetic 
during the passage of the electricity through it, and direct ex- 
periments, which I immediately made, proved that this was the 
case. 1 threw some iron filings on a paper, and brought them 
near the communicating wire, when immediately they w’ere at- 
tracted by the wire, anti adhered to it in considerable quantities, 
forming a mass round it ten or twelve times the thickness of 
the wire : on breaking the communication, they instantly fell 
off, proving that the magnetic effect depended entirely on the 
passage of the electricity through the wire. I tried the same 
experiment on different parts of the wire, which was seven or 
^ght feet in length, and about the twentieth of an* inch diame- 
ter, and found the iron filings w’ere ev'^ery wliere attracted, and 
the magnetic needle affected in every part of the circuit. 

It was very easy to imagin'e that such magnetic effects could 
not be exhibited by the electrified wire, without being cajiable 
of permanent communication to steel. I fastened several steel 
needles, in different directions, by fine silver wire to a wire of 
the same metal, of about the thirtieth of an inch in thicknes.s, 
and eleven inches long, some parallel, others transverse, above 
and below in different directions ; and placed them in the elec- 
trical circuit of a bapttery of thirty pairs of plates of nine inches 
by five, and tried their magnetism by means of iron filings : 
they were all magnetic : those which were parallel to the wire 
attracted filings in the same way as the wire itself ; but those in 
transverse directions exhibited each two poles, whicli being 
examined by the test of delicate magnets, it was found that all 
the needles that were placed under the wire (tlie positive end of 
the battery being east) had their north poles on the south side 
of the wire, and their south poles on tlie north side ; and that 





By Sir H- Davy. 

those placed over, had their south poles turned to the south, and 
their iiorth poles turned to their north ; and this was the case 
whatever was the inclination of the needles to the horizon. On 
breaking the connection, all the steel needles that were on tflie 
wire in a transverse direction retained their magnetism, which 
was as powerful as ever, whilst those Vhich were parellel to tlie 
Sliver wire appeared to lose it at the same time as the wire itself. 

I attached small longitudinal portions of wires of platinum 
silver, tin, iron, and steel, in transverse directions, to a wire of 
platinum that was placed in the circuit of the sanqte battery. 
The steel and the iron wire immediately required poles in the 
same manner as in tlic last experiment : the other wires seemed 
to have no effect, except in acting merely as parts of the el(?c- 
trical circuit : the steel retained its magnetism as powerfully 
after the circuit was broken as before-; the iron wire immediate- 
ly lost a part of its polarity, and in a very short time the whole 
of it. 

* The battery was placed in different directions as to the poles 
of the earth, but the effect was uniformly the same. All needles 
placed transversely under the communicating wires, the positive 
end being on tlic riglit hand, had their north poles turned 
towards tlie face of the operator, and those above the wire their 
south poles : and on turning the wire round to the other .side of 
the battery, it being in a longitudinal direction, and marking 
the side of the v»ire, the same side was always fou\id to possess 
the same magnetism ; so tluit in all arrangements of needles 
transversely rotind llie wire, .all the needles above had north 
and south ]iolcs opposite to those below, and those arranged 
vertically oi^ (jne sidt*, o]jposiie to those arranged vertically on 
the other side. 

I foiiiul that contact of the steel needles was not necessary, 
and tliat the effect was produced instantaneously by the mere 
juxta-position of the needle in a transverse direction, and that 
through very tliick plates of glass ; and a needle that had been 
placet I in a transverse tlirectioii to the wire merely for an instant, 
was found as jmwerful a magnet as one that had been Jong in 
communication with it. 

I placed some silver wire of l-20th of an inch, and some of 
l-50th, in different parts of the voltaic circuit when it was com- 
pleted, and shook some steel filings on a glass plate above them; 
the steel filings arranged tlK'uiselves in right lines, alw^ays at 
right angles to the axis of the wire ; the effect was observed, 
though feebly, at the distance of a quarter of an inch above tlie 
thin wire, and the arrangement in lines was nearly to the same 
length on each side of the wire. 

T ascertained by several experiments, that tJie effect was pro- 
portional to the quantity of electricity passing through a given 
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space, without any relation to the metal transmitting it ; thus 
the finer the wires the stronger their magnetism. 

A zinc plate of a foot long and six inches wide, arranged 
with a copper plate on each side, was connected, by a very fine 
wire of platinum, accordkig to youj* method ; and the plates 
were plunged an inch deep in dilute nitric acid. The wire did 
not sensibly attract fine steel filings. When they were plunged 
two inches, the effect was sensible ; and it increased with the 
quantity of immersion. Two arrangements of this kind acted 
more powerfully than on<i; but when the two were combined 
80 as to make the zinc and copper plates but parts of one com- 
bination, the effect was very much greater. This w as showm 
still more distinctly in the following experiment : — Sixty zinc 
plates with double copper plates were arranged in alternate 
order, and the quantity of iron filings which a wire of a deter- 
minate thickness took up observed : the w’ire remaining the 
same, they were arranged so as to make a series of thirty ; the 
magnetic effect appeared more than twn'ce as great ; that is, tl*t' 
wire raised more than doii!>le the quantity of iron filings. 

The magnetism produced by voltaic electricity, seems (the 
wire transmitting it remaining the same) exactly in the same 
ratio as the heat ; and however great the heat of the wire, its 
magnetic powers were not impaired. This w’a.s distinctly sho%vn 
in transmitting the electricity of twelve batteries of ten plates 
each of zinc, with double copper arranged as three, through 
fine platinum wire, which when so intensely ignited as to bo 
near the point effusion, exhibited the strongest magnetic eflbi ts, 
and attracted large quantities of iron filings, and even small 
steel needles from a considerable distance. • 

As the discharge of a considerable quantity of electricity 
through a wire seemed necessary to produce magnetism, it ap- 
peared probable, that a wire electrified by the common machine 
would not occasion a sen.sible effect ; and this I founil was the 
case on placing very small needles across a fine wire connectetl 
with a prime conductor of a powerful machine and the earth : 
but as a momentary exposure in a powerful electrical circuit 
w’as sufficient to give permanent polarity to steel, it appeared 
equally obvious, that needles placed transversely to a wire at 
the time that the electricity of a common l^eyden battery was 
discharged through it, ought to become magnetic : and this I 
found was actually the case, and according to precisely the same 
laws as in the voltaic circuit: the needle the wire, the 

positive conductor being on the right hand, offering its north 
pole to the face of the operator, and the needle above, exhibiting 
the opposite polarity. So powerful was the magnetism producetl 
by the discharge of an electrical battery of 3 7 square feet highly 
charged through a silver wire of l-20th of an inch, that it ren- 
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derecl a bar of steel, two Inches long, and from 1 -20th to 1-1 0th 
ill thickness, so magnetic, as to enable them to attract small 
pieces of steel wire or needles : and the effect was communicated 
to a distance of five inches above or below or laterally from the 
wire, through water or thick plates of glass, or metal electrically 
insulated.* * • ** 

The facility with which experiments were made with the 
common Leyden battery, enabled me to ascertain several cir- 
cumstances which were easy to imagine, such as that a tube 
filled with sulphuric acid of l-4th of an inch in diameter, did 
not transmit sufficient electricity to render steel magnetic ; that 
a needle placed transverse to an explosion through air, was less 
magnetized than when the electricity was passed through wire, -j' 
the steel bars exliibited no ])olarity (at least at tlieir extremities) 
when the discharge was made through them as part of the cir- 
cuit, or wlicn they were placed parallel to the discharging wire : 
tliat two bars of steel fastened together, and having the discharg- 
ing wire placed through their common centre of gravity, showed 
little or no sign of magnetism after the discharge till they were 
separated, when they exhibited their north and south poles op- 
posite to each other, according to the law of position. 

These experiments distinctly showed, that magnetism was 
produced wherever concentrated electricity was passed through 
s})ace ; but the precise circumstance, or law of its production, 
was not obvious from them. When a magnet is made to act on 
steel filings, these filings arrange themselves in curves round the 
poles, but diverge in right lines : and in their adherence to each 
other, form right lines, appearing as spicula. In the "Attraction 
of the filing round the wire in a voltaic circuit, on the contrary, 
they form one coherent mass, which would probably be per- 
fectly cylindrical were it not for the influence of gravity. In 
first considering the subject, it appeared to me that there must 
be as many double pedes as there could be imagined points of 
contact round the wire ; but when I found that N. and S. poles 
of a iiqgdle uniformly attracted by the same quarters of the wire, 
it appeared to me that there must be four principal poles cor- 
responding to these four quarters. You, however, pointed out 
to me that theie was nothing definite in the poles, and men- 
tioned your idea, that the phenomena might be explained, by 
supposing a kind of revolution of magnetism round the axis of 
the wire, depending for its direction upon the position of the 
negative and positive sides of the electrical apparatus. 

'fo gain some light upon this matter, and to ascertain cor- 
rectly the relations of the north and south poles of steel mag- 
netized by electricity to the positive and negative state, I placed 
short steel needles round a circle made on pasteboard, of about 

* We particularly request our readers to notice this fact. 

t Also ibU. — E dit, 



S2 8 On Magnetic Phenomena rod need htj Electricity, 

two inches and a half in diameter, bringing them near each 
other, though not in contact, and fastening them to the paste- 
board hy thread, so that they formed the sides of a hexagon in- 
cribed within the circle. A wire was fixed in the centre of this 
circle, so that the circle jvas parallel to the horizon, and an 
electric shock was passed through tht? wire, its upper part being 
connected with the positive side of a battery and its low^er part 
with the negative. After the shock all the wires were found 
magnetic, and each had two poles ; the south pole being op- 
posite to tlie north pole of the wire next to it, and vice versa ; 
and when ilie north pole*of a needle %vas touched w'ith a wire, 
and that wdre moved round the circle to the south pole of the 
same needle, its motion was opposite to that of the apparent 
motion of the sun. 

A similar experiment W'as tried with six needles arranged in 
tlie same manner : with only this difference, that the W'ire posi- 
tively electrified was below. In this case the results were 
precisely the same, except that the poles were reversed : and 
any bodj’^, moved in the circle from the north to the south pole 
of the same needle, had its direction from east to west. 

A number of needles were arranged as polygons in different 
circles round the same piece of card board, and made magnt.‘tic 
by electricity : and it was found that in all of them, whatever 
was the direction of the paste-board, whether horizontal or 
perpendicular, or inclined to the horizon, and whatever w^as the 
direction of the wire with respect to themagnc^tic meridian, the? 
same law prevailed; for instance, when the positive ire, w^as 
cast, and a body was moved round the circle from tlie north to 
the south poles of the wire: its motion (beginning ^v•th the lower 
part of the circle) was from north to south, or with the upper 
part from south to north ; and wdicn the needles were arrang€?d 
round a cylinder of paste-board so as to cross the wire, and a 
pencil mark drawn in the direction of the jiolcs, it formed a 
spiral. 

It was perfectly evident from these experiments, that as many 
polar arrangements may be formed as chords am be drawn in 
circles surrounding the wire : and so far these phenomena agree 
with your idea of revolving magnetism : but I shall quit tliis 
subject, w'hicb I hojpe you will yourself elucidate for the in- 
formation of the society, to mention some other circumstances 
and facts belonging to the enquiry. 

Supposing powerful electricity to pass through two, three, 
four, or more wires, forming part of the same circuit parallel 
to each other in the same plane, or in different planes, it could 
hardly be doubted that each wire, and the space around it, 
would become magnetic in the same manner as a single wire, 
though in a less degree ; and this I found was actually the case. 
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By Sir H. Davy 

VVIien four wires of fine platinum were made to complete a pow« 
erful voltaic circuit, each wire exhibited its magnetism in the 
same manner, and steel filings on the sides of the wires opposite 
attracted each other. * 

As the filings on the opposite sides of the wires attracted each 
other in consequence of thbir being in opposite magnetic states, 
it was evident, that if the similar sides could be brought in con- 
tact, steel filings upon them would repel each other. This wan 
very easily tried with two voltaic batteries arranged parallello 
each other, so that the positive end of one was opposite the ne- 
gative end of the other ; steel filings upon two wires of platinum 
joining the extremities strongly repelled each other. When 
the batteriesf Were arranged in the saine order, i. e. positive op[»a- 
site to positive, they attracted each other ; and wires of plati- 
num (without filings) and fine steel wire (still more strongly) 
exhibited similar phenomena of attraction and repulsion under 
the same circumstances. 

As bodies magnetized put a needle in motion, it was natural 
to infer that a magnet would put bodies magnetized by electri- 
city in motion : and this I found was the case. Some pieces of 
wire of platinum, silver, and copper, were placed separately 
upon two knife edges of platinum connected with two ends of 
a powerful voltaic battery, and a magnet presented to them : 
they were all made to roll along the knife edges, being attracted 
when the north pole of the magnet was presented, the positive 
side of* the battery being on the right hand, and repelled when 
it was oil the left hand : and vice versa, changing the pole of 
the magnet. Some folds of gold leaf were placed across the 
same apparatus, and the north pole of a powerful magnet held 
opposite to th^ra : the folds approached the magnet, but did 
not adhere to it. On the south pole being presented, they 
receded from it. 

I will not indulge myself by entering far into the theoretical 
part of this subject ; but a number of curious speculations 
cannot fail to present themselves to every philosophical mind, 
in consequence of the facts developed : such as whether the 
magnetism of the earth may not be owing to its electricity, and 
the variation of the needle to the alterations of the electrical 
currents of the earth in consequence of its motions, internal 
chemical changes, or its relations to solar heat ; and whether 
the luminous effects of the auroras at the poles are not shown, 
by these new facts, to depend on electricity. This is evident, 
that if strong electrical currents be suppOb*ed to follow the ap- 
parent course of the sun, the magnetism of the earth ought to 
be such as it is found to be. 

But I will quit conjectures, to point out a simple mode of 
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making powerful magnets, by fixing bars of steel across, or 
circular pieces of steel fitted for making horse shoe magnets, 
round the electrical conductors of buildings in elevated and ex- 
posed situations.^ 

The experiments detailed iu thes^ P^g^s were made with the 
apparatus belonging to the Royal and London Institutions ; a^iid 
I was assisted in many of them by Mr. Pepys, Mr. Allen, and 
IV^. Stodart, and in all of them by Mr. Farraday-t* 

I am, my dear Sir, 

Very sincerely yours, 

HUMPHREY DAVY. 

ILorver Grosvcnor Street ^ Nov, 12, 1820. 


• There are many facts recorded in the Philosophical I’ransaction® which 
prove the magnetizing powers of lighting : one in particular, where a stroke 
of lightning passing through a box of knives, rendered most of them pow- 
erful magnets. — See Phil. Trans No. 14.7, p, .520, and No. 437, p. 57. 

■f- All the experiments detailed in this paper, except those mentioned page 
15^ (experiments on the needles, page 7 of this manuscript) were made in 
the course of October, 1820 : the last arose in consequence of a conversatioti 
with Dr. Wollaston, and were made in the beginning of November. T find 
by the Annates dt Chimiv et de Physique^ for September, wide)* arrived in 
Dondon November 24th, that M. ARAGohas anticipated mojn the discovery 
of tho attractive and magnetizing powers of the wires in the voltaic cir 
cuit : but the phenomena presented by the action of common electricity’ 
(which as yet, I believe, have been observed by no other person,) induce me 
me still to submit my paper to the council of the Jloj'al Society’. Before 
any notice arrived of the researches of the French philosophers, I had 
tried, with Messrs. Allen and Pepys, an experiment, which M. Arago like- 
wise thought of, — w'hether the air of fiaine of the voltaic battery would be 
effected by the magnet : but from the imperfection of our apparatus, the 
results were not decisive. 1 hope soon to repeat it under new circum- 
iitances. • 

1 have made various experiments, with- the hope of elTecling electrified 
wires by the magnetism of the earth, and of producing chemical changes 
by magnetism : but without any successful results. 

Since T have perused M. Amperb’r on the electro -magnetic phenomena, 
I have passed the electrical shock along a spiral wire twisted round a glass 
tube, containing a bar of steel, and I found that the bar was rendered pow 
rrfully magnetic by the process. ^ 
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Description of a Novel Form of Electro Magnet. By Joseph 
Radfohd, Esq., in a Letter to Mr. Sturgeon. 

Waterloo Foundry, Offices, David-st., 
Manchester f Feb. 19 ^/?, 1841. 

Dear Sir, 

Herewith I send you the new electromagnet which 
I commenced experimenting upon early in October last, and beg 
your acceptance of it. 

The drawings in plate IV. will explain its character very 
plainly. — 

No. 1 being the elevation. 

No. 2 the vertical section. 

No. 3 the convoluted face. 

It is nine inches in diameter, and the sketches being drawn 
to scale the other dimensions can be ascertained easily. 

The magnet weighs, exclusive of the copper coil, and the 
keeper, sixteen pounds and two ounces. 

The coil is a bundle of twenty-three small copper wires, and 
weighs two pounds two ounces. 

The coil is covered with cotton tape. 

The keeper weighs 14lb. 14oz. and three-quarters. 

The depth of the convoluted grove or recess, is 3-8ths of an 
inch, and 1-lth of an inch wide. 

The w'idth or breadth of the metal between the grooves as 
shown in the section, is half an inch. 

The thickness of the magnet is one inch, at the outside edge, 
and about .'l-Sth in the centre. 

Before it was finished an experiment was made on the 3rd of 
December, 1840, and it sustained a load of 2141 pounds, with 
eight of your battery jars. 

The greatest weight was lifted on the l7th of December last, 
by a battery of yours, with twelve jars, and*the weight sustained 
was 2500 pounds avoirdupois. 

If you think this worth a place in your annals, I shall feel 
obliged by your insertion of it. 

Yours, faithfully, 

JOSEPH RADFORD. 
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Electric Phenomena of High-pressure Steam, 
MR. sturgeon’s answer TO THE ABOVE. 


Dear Sir, • ^ ^ 

By your kindness in presentin^if to me this piece 
of apparatus, which, among-st many other favours. I take a 
pleasure in availing myself of this opportunity to acknowledge, 
you have put me in possession of the most curious and extraor- 
dinary magnet that has ever yet appeared on the pages of science, 
or ever been placed in the cabinet of philosophy. 

The convoluted figure of its face is not only a great curiosity, 
but a perfect novelty in magnetics ; and the unusual arrange- 
ment of its poles, both of which are on the sarne con\H)luted 
strip of iron, (which forms, ^ the face) one pole occupying the 
whole length on one edge, and the other the whole length of 
the opposite edge : together with its great powers, render it a 
piece of apparatus of extraordinary character and great interest : 
and will, no doubt, command a great deal of attention amongst 
electro magnetists. 

I am, dear Sir, 

Yours, truly, 

W. STURGEON. 

Royal Victoria Gallery of Practical Science, 

Manchester^ Fehrtiary *20th, 1841. 

To Joseph Radford, Esq. 


Observations on the Electrical Phenome^ia of High-Pressure 
Steam, as recently exhibited by trvo Engine Boilers in the vi- 
cinity of Newcastle ; with memoranda of 'Un unsuccessful ex- 
periment made with a view to the investigation of Electricity 
from Steam, By W; H. Weekes, Esq., Surgeon, Lecturer 
on Philosophical and Operative Chemistry, &c. 

The attention of the scientific world, in conjunction with that 
of intelligent men generally, having recently been drawn to several 
reports of very extraordinary electrical phenomena proceeding from 
two steam engine boilers, situate in the vicinity of Newcastle, I 
have been induced to peruse such papers as have been published 
on the subject, and subsequently to undertake several experiments 
with the hope of arriving at some illustration of the matter. Though 
none of these were successful in reproducing the electrical jjhe- 
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By Mr. W. H. Weekes. 

xiomeiia exhibited by the steam boilers, an outline of my principal 
attempt may, nerertheless, be worth recording. » 

The papers chiefly entitled to notice, in relation to this intereslk 
ing fact, are three which have app^earc^ originally in the " Philo- 
sojjhicai Magazine.” First— " On the electricity of a jet of steam 
issuing from a boiler.” By H. G. Armstrong, Esq.* Second — 

Experiments on the electricity of high~pre.ssure steam.” By H. 
L. Pattison, Esq., F. G. S.'f’ The presumption of Mr. Armstrong, 
to use his own words, " is exceedingly strong, that the phenomenon 
is ill some way occasioned by the peculiar nature of the water from 
which the steam is produced.” He mentions an incrustation of 
a month's growth, deposited by the water from the mine in the 
boilers in which it is used,” a specimen of which iiicAistatiou Pro- 
lessor Faraday sa3^3 contains ‘traces of a soluble muriate and 
sulphate, but consists almost entirely of sulphate of lime, with a 
little oxide of iron and insoluble clayed matter, carried in probably 
by the water. There is hardly a trace of carbonate of lime in it.” 
I am quite incapable of conceiving that the jiowerful electrical 
effects exhibited by the jet of steam in question could in any way 
be dependent on a local cause, and especially so that they should 
arise from the presence of the above named material in the water 
forming the incrustation. 

Mr. Pattiuson, whose paper is an exceedingly interesting one, 
details a number of experiments performed by him, precisely 
similar in their results to those ordinarily obtained from the em- 
ployment of good frictional machines ; such as charging jars 
and parsing shocks through a chain of from twelve to tweiity 
persons, perforating a card, firing combustible substances. See., 
and he, too,#conclades that " it is hardly possible to suppose 
that there is any local peculiarity about these boilers, or the 
]3lace where they are situated, to occasion the highly' electrical 
condition of the steam produced in them ; and yet it is diffi- 
cult,” he further remarks, ‘‘ to suppose the fact of high-pressure 
steam being electrical, a general one.” Mr. Pattinson considers 
that " the conditions, therefore, under which steam becomes elec- 
trical require to be investigated, and it is not unlikely that the 
investigation will lead to important results,” Under feelings 
perfectly in accordance with such views iny own experiments 
were entered upon. 

I happen to liave in iny possession a v^ry strong tin vc-ssel 
which has commonly been employed for purposes of distillation ; 
it is of a rectangular form and of the following dimensions. 
Length fourteen inches; width ten inches; average depth be- 
neath the neck .seven inches. From the centre of the top of 

* In two letters to Professor Faraday. 

+ See p. p. 37 and 42 of this volume of the Annate. Also Vol. v. p.p» 
452 lind 456.— -Epxt. 
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this vessel a conical tin beak or neck leads off three feet in 
length, and terminates in an opening 3-4ths of an inch diameter. 
Wtiis Still having been charged to one inch in depth over its 
bottom by pouring in three quarts of water, a surface of 140 
suj)crficiai inches were coflsequftntly €Ccposed to the heat arising 
from an ordinary open furnace. The opening of the tin beaSc 
being now ]>artially closed by means of a good cork through 
which was inverted a glass tube ten inches in length, and rather 
less than a quarter of an inch bore, the heat was gradually in- 
creased until an atmosphfire of steam became generated under 
considerable pressure within the cavity of the Still above the 
surface of water, and ruslied furiously through the orifice of the 
glasss tube wg,h a continuous loud hissing sound. 1 then took a 
T formed conductor, belonging, to a large electrical maebine, 
well insulated upon a stout glass pillar, and presenting a surface of 
about 3f>0 superficial inches. Into a hole in the single end of this 
conductor was inserted a stout wire projecting from the back of a 
j>olished concave tin reflector, one foot in diameter, commonly used 
in experiments on the radiation of heat. j4gainst the focus of this 
reflector llie action of the steam jet w'as directed with an increasing 
force during twenty minutes, while a romm unication, by means 
of a copper wire, also carefully insulated, was kept up between 
the conductor and a delicate gold-leaf electroscope, in the window- 
board of the laboratory, at about fifteen feet distance, in order 
that the condensation of any steam from the boiler should not 
affect or interrupt the action of the instrument. These ananges- 
meiits I considered were as favourably disposed as could well be 
under my limited circumstances, in regard to the generation of 
high-pressure steam, yet, notwithstanding tlie most minute atten- 
tion was devoted to the experiment throughout, th# electroscope 
did not exhibit the slightest divergence. 

To whatever cause the electrical j>henomena proceeding from 
the steam boilers may ultimately be referred, the disengagement of 
this principle, during the conversion of water into steam and the 
converse, has been long since recognized by philosophers. Almost 
every electrician is, doubtless, familiar with the beautiful experi- 
ments of Cavallo, performed during the last century, by means of 
that exquisitely delicate instrument of his invention, denominated 
the “ Multiplier,” now by no means so much known or used as it 
deserves to be, and by means of which he shewed that two drops 
of water evaporated from a burning coal, placed upon an insulated 
tin-plate, caused a divergence in the gold leaves of his electro- 
scope, more than sufficient to show that the tin-plate had been 
electrified negatively by the evaporation of the two drops of water. 
A powerful and yet delicate arrangement of machinery for the 
purposes of atmospheric electricity, similar in its operation to the 
celebrated Broomfield Apparatus, and which I have been in the 
almost daily habit of experitnenliiig with during many months 
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past, invariably gives signs of positive electricity when the morn- 
ing evaporation commences in fine weather, and precisely the same 
phenomena recur when the dews of evening are beginning to he 
deposited. An opinion has, I believe, been advanced to the eflh«t 
that these minor evolutions of electricity are to be referred merely 
to evaporation. In a proxtmate flense, 'it is true, this admits of no 
cfbjection, but what are we the wiser for such a conclusion in re- 
gard to ultimate principles ? Had evaporation alone been neces- 
sary to the production of such electric phenomena upon a small 
scale, we should insure their apj^earance in an increasing ratio by 
the magnitude '^f oiir experiments ; and the powerful jet of steam 
from my tin still ought not only to have caused free divergence in 
the leaves of an «Iectrosco}*e, but to have yielded strong sparks, on 
the presentation of a knuckle to the large insulated conductor 
used on the occasion. There are then, I think, by fair inference, 
other essential conditions involved in the subject of our encpiiry ; 
these arc yet worth searching for, and in the mean time (as regards 
the j)henomena of' the engine boilers) T should be loth to decide 
that they were wholly independent of the effects of pressure. 

1 am bound to acknowledge that I had no immediate means of 
ascv'rtaiiiing with precision the amount of pressure uiider which 
my steam jot issued from the generator, and though confident that 
it must have been very considerable, I enn easily conceive that it 
might yet have been vastly short of the recpiisito degree of com- 
pression upon which the production of electric phenomena are, in 
a measure at least, dependent. 

Sandtvich, January 1841. 


BRiaTSH ASSOCIATION PROCEEDINGS. 

On the Theory of FJectricUy, by C. J. Kennedy, Esq. 

Wlien an electrical current is passing through an imperfectly 
conducting medium, such as atmospheric air, the electrical par- 
ticles being retarded, must be accumulated in the track which 
is traversed by that current. This fact supplies the means of 
determining whether there are two electric fluids, or only one. 
If inhere were two fluids, the particles of each would be accu- 
mulated in the line of discharge. If th^ velocity of the two 
currents were uniform and equal, each section of the track tra- 
versed would necessarily contain as many of the vitreous as of 
the resinous electrical particles. Hence when such a double 
electrical current was passing between two similar metallic wires, 
a light body suspended midway between the wires should re- 
main unmoved, supposing the electrical intensity of the two 
wires to be equal ; for it would be urged with equal force in 
opposite directions. But if there is only one electric fluid, that 
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electric fluid being retarded, and its particles accumulated in 
the line of transit, the air situated in that line must become po- 
sitively electrified in the central section ; and throughout the 
liAe the positive state must predominate. Hence, a light body 
placed midway between the two wires ought to be urged to- 
wards the negative wire. Probably the proof alleged to establish 
the reality of a direct impulsive power in the particles of elec- 
tricity may be entirely illusive. But, independently of any 
direct impulsion by the electric particles, the light body should 
be urged towards the negative wire. Propably the proof alleg- 
ed to establish the reality of a direct impulsive power in the 
particles of electricity may be entirely illusive. But, indepen- 
dently of any direct impulsion by the electric particles, the 
light body should be urged towards the negative W'ire. For 
the current of air emitted from .the positive wire being superior 
in length and intensity to that emitted from the negative wire* 
must be urged onwards with superior force under the influence 
of the attraction and repulsion of the two opposite wires. The 
positive wire repels, and the negative wire attracts every posi- 
tively electrified aerial particle ; while, on the other hand, the 
positive wire attracts and the negative w'ire repels every nega- 
tively electrified aerial particle. But as the positively electrified 
aerial particles exceed the negatively electrified aerial particles 
in number and intensity, the united force of the former particles 
must be superior to the united force of the latter. Hence the 
aerial electrified current proceeding from the positive wire must, 
on the theory of a single fluid, be superior in I'orce to the elec- 
trified aerial current proceeding from the negative wire. It is 
so ; and this fact decides the point at issue. A light broad- 
vaned wheel W (fig. 1st), delicately suspended, (j^irefully ba- 
lanced, and placed exactly midway between the two wires P 
an<l N, moves from P, the positive wire, towards N, the negative 
W’ire, when an electric current is transmitted through the wires. 

Fig. 1. N W P 



Xhe same sort of result is obtained by means ol the Cratos* 
cope, a very simple and eflfective instrument, which is represented 
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in figure 2. This instrument 



consists of an oblong box, of whicli tlr, sides, ends, and cover are 
of varnished jjlass. Two similar metallic wires, P njid N, pass 
tlirongb boles drilled in th<f ends, and are moveable, so as to admit 
ot being accurately adjusted at any required distance from L, a slip 
of gold leaf suspended from a thin metallic flap attached to a wire 
which passes across the middle of the glass box, where an opening 
is left in the cover. Over this opening a j)late of glass is laid. 
The slip of gold leaf is thus completely protected from being 
agitated by motions in the neighbouring air. It obeys the slightest 
impulse of the electrified aerial ciirreuts which are emitced from the 
wires P, N, whdn these arc electrified. This is effected by con 
nccting the rings of the wires P N with two equal wires about four 
feet long ; the one of which is inserted into a hole in the end of 
the positive, and the other into a hole in the end of the negative 
prime conductor of the electric machine. The wires P N are then 
accurately adjusted to equidistance from the leaf L. Previous to 
the principal experiment, it is ascertained — by a simjde and satis- 
factory cxporimoiUal test — ^that the attractive powers of the wires 
P N arc precisely equal to each other. The electric machine is 
then worked, when it is found that the gold leaf instantly moves 
from tlio wir* P towards the win^ N. lliis shows the power of 
the ol(!ctri(ied aerial current thrown off by the positive to be 
snp('rior to that of the electrified current thrown ofl‘ by the 
negative wire. On reversing the connections, the direction of 
the movement in the leaf still is from the positive towards the 
negative wire. This experiment contradicts the theory of two 
fluids, and establishes the theory of a single fluid. It is an expe- 
rimenium crucis ; it decides the point in dispute. No hypotheti- 
cal force has been introduced into the preceding explanation — 
nothing has been employed but the known electrical powers. If 
the vitreous electric fluid is supposed to be less retarded in traver- 
sing air than the resinous fluid, the result wiW be i^tered, hut will 
be still more hostile to the theory of Du Fay ; for then the resi- 
nous electricity ought to predominate in the aerial interval, and the 
light body should be urged towards the positive wire, not from it, 
as is the fact. Th(?rc are oxhex experhnenta crucis, all concuning to 
establish the theory of a single electric fluid. Mr. Porret and M. 
De la Rive found iliat a line of water lying between the opposite 
wires of the voltaic battery was urged from the positive or vitreous 
toivards the negative or resinous wire. When a strong saline so- 
lution possessing considerable conducting power was employed, in 
place of the water, the same result was not obtained. The reason 
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is obvious. The electricity was little retarded, and therefore was 
npt accumulated to any sensible amount in the line of transit be- 
tM^een the oppositely electrified wires. The aqueous line did not 
become sensibly electrified, ai)d therefore could not be urged from 
the positive or vitreous wife by dthe repulsion of that wire, and the 
attraction of the opposite wire. The results completely harmonise 
with those obtained when the electric transit is made through an 
interval of atmosjdieric air. When an insulated card,C, is pierced 
by the electric 
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discharge passing between two equidistant and equally electri- 
fied knobs, P N, it is perforated at a single spot, where a hole 
is formed, having arcund it two burrs, one on each aide of the 
card. This proves that at the instant of perforation the parti- 
cles of the card are disrupted by a divulsive force acting in 
both directions. On there being but one perforation made, 
nothing need be founded. The passage of one electric fluid, or 
of two, through the perforated spot, might alike explain the 
occurrence of a single perforation, provided that the simulta- 
neous passage of equal quantities of tlie tw’o ojiposite electrici- 
ties through one single spot of the card, w ere capable of origi- 
nating there a disruptive force among the particles of the card. 
But the simultaneous addition cf equal quantities of the two 
electricities to the spot which they traverse, must leave that spot 
still in the neutral state. Why then should the particles of the 
card in that spot burst asunder ? Why, on the theory of two 
fluids, should there be a perforation made at all } On the 
theory of one fluid, there out to be a perforation ; for the elec- 
tric particles being suddenly arrested in their motion through 
the card, must be accumulated in the spot through which they 
pass, that spot must become intensely electrified plus^ and there- 
fore its corp\^cles must have a strong tendency to burst asun- 
der, according to the law that ** similarly electrified bodies repel 
each other."’ And, since the one knob is electrified positively, 
and the other negatively, the former knob must at the moment 
of rupture repel, and the latter attract, the disrupting particles 
of the card. It is so, even when every precaution has been 
taken to insure equality in the intensity of the opposite knobs. 
The superior len^ of the vitreous spark, and the superior ex- 
tent of the light at the positive point, might also be pleaded 
in corroboration of the evidence already adduced that evi- 
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dence fully justifies the conclusion that there is only one electric 
fluid. The theory of a single electric fluid is capable of assu- 
ming two forms, in which material idio-repulsion is entirrfy 
discarded. The one form is that of an original theory adopted 
by Mr. Kennedy, in the year 18*25. . It was deduced from a 
rather complicated fluxionary c^culalion, by which a beauti- 
fully simple result was obtained. An exponential fluxionary 
equation, involving all the possible powers and simple func- 
tions of the electric force, was employed. The result of the 
calculation was surprisingly simple, namely, that electrical action 

I 

varies in the inverse ratio of the electric quantity ; or, A a - . 

q 

Let A' represent the attraction of a material corpuscle for elec- 
tricity, in any given electrical condition, suppose the neutral 
state, and q the .quantity of electricity which that corpuscle then 
contains. The tendency of two material corpuscles c c' towards 
eacli other, inay be denoted by '^f', and is = 2 A’q = A’ X 5'-f" 
A' X <7* Now, if the electrical quantities of c and c’ become 
eacli =zx, the attraction of each of these corpuscles for electricity 
A’q A’q' A'q 

will become = — , and T will become = — X H = 

X XX 

as before. That is, the joint tendency of the two corpuscles to 
mutual approach remains unaltered, so long as their electrical 
quantities are equal to each other, whatever each of these elec- 
trical quantities may be, whether a large quantity, or a small. 
Suppose next, that the electrical quantity of c becomes =jf, and 
that of c=:\jf then their respective attractions for electricity 
A’q • A’q A’q A’q’x A’qy 

will be — and — ; and T will be = — Xy H > or -f* 

X y X y X 

A’qx 

. Now this must be greater than 2A’q, in every case 

. y 

in which x is unequal to y ; for if x is unequal to y, (because 

A'qy A’qx 

A* and q are constant quantities,) must be unequal to - — . 

X y 

A’qx A’qtf 

If X be greater than yj must be greater than . Now 


A’qy A’qx 

: A’q : : A’q : . Whence, (Euclid’s Elements, Book v 

X y 

A’qy A’q.r 

prop.^xxv.) -f. are greater than QA’q that is, the 

X y 

♦ 8 : 4 : ; 4 : 2. Now, 8-4-2 e^cceods 4 -f- 4. Again, .3 : 9 : : : 27j but 

3q-27 Fxceed 9-4-9. 


are greater than 9. A’q that is, the 
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least possible value of T is ; — in common language, the 

tendency of the two corpuscles to mutual approach, is the least 
p^^sible when they contain equal quantities of electricity. It 
foHows also, that the more unequal x antly are, the greater must 
A*qx 

the sum of and be ; that is/ the more the electrical 

r y 

quantities of the two corpuscles differ, the greater is their ten- 
dency to mutual approach. The phenomeiwiof electrical attrac- 
tion, repulsion, and quiescence, may be explained on this theory, 
in a manner perfectly satisfactory, and exceedingly easy. 

% 


1. Quiescence. 


Case 1. — Bet A B C D he four small balls, equal to each other, 
homogeneous, equidistant in the same straight line, and all in the 
neutral electrical state. 


C A 

B 

D 

O 

# 0 

m 

© 


O 


I 

Then, according to Coulomlfs law, the mutual attractions of 
A B C D w'ill be the same in amount as if all the matter in 
each, and all the electricity in each, were collected qjL their very 
centres. Now, it is evident, that since the four balls arc equal, 
homogeneous, and in the neutral state, they must all contain 
equal quantities of electricity, and must attract electricity with 
equal forces. A will attract B's electricity with as much force 
as that with which it attracts C's electricity. Also, B will attract 
As electricity and D*s, with equal forces ; consequently, A and 
B would be exactly balanced between C and D ; for the air 
around the balls could have no effect upon them, because the 
opposing actions of its various parts completely balance each 
other, so long as it remains throughout in the neutral state ; — 
thus take, on any sicle of A, and at any distance from A, a 
small portion, k, of the surrounding air ; then opposite to Ic, 
and equidistant from A in the same straight line, there is an 
equal space or portion of air /, whose ^action must completely 
balance the action of k ; for A must attract A's electricity and Vs 
with equal forces. Also k and I must attract A's electricity 
with equal forces. Hence it appears, that tlie influence of the 
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air around balls may be left out of consideration, so lon^as 
that air remains in the neutral state. We have only to take 
into account the mutual actions of the balls ABC and D, ar^ 
their electricity. These actions are perfectly equilibriated, and 
therefore the bodies must remain at rest. 

1 * * 

^Case 2.^ Let A he electrified plus, wlnle C B D remain in the 
neutral stale. 

Then it is evident, that as C and B contain equal quantities 
of electricity, they must attract A's electricity with forces pre- 
cisely equal: and A must attract B's. electricity and C’s with 
forces precisely cqu^: consequently, A and B must still remain 
at rest. 

Case 3. — Let A he electrified minus, while B remains in the 
neutral state. 

Then since, as in the last case, C and B contain equal quan- 
tities of electricity, the forces wliich urge A towards B must be 
exactly balanced by the forces which urge A towards C: con- 
sequently, A and R must still remain at rest. 

2. ATTRACTION. 

Lei A he positively, and B he negatively, electrified. 

Then the material corpuscles in A and C, B and D, will tend 
tow'ards each other with more than the minimum force, because 
these corpuscles contain unequal electrical quantities. But tlie 
material corpuscles in A and B will tend to each other with 
greater forces than do the corpuscles in A and C, B and D. 
Thus A will be urged towards C, and B will be urged towards 
D, with augmented forces. But the forces which urge A 
towards B will be augmented in a higher ratio, because the 
electrical quantities of their material corpuscles arc more une- 
qual than the electrical quantities of the material particles in A 
and C, B and D. In other rrords, -j- tends to — more forcibly 
than + tends to =, or than — tends to = ; that is, the cor- 
puscles which are electrified oppositely, tend more forcibly 
towards each other than towards the corpuscles which are in 
the neutral state. Thus A and B will acquire an increased ten- 
dency to separate, and they will also acquire an increased 
tendency to approach each other ; but the tendency to approach 
augments in a higher ratio than the tendency to recede ; and 
the air around the bodies can have no efficient action on them. 
Hence A and B must move towards each other, if left free to 
obey the electric forces. 

3. Repulsion. 

Case 1 . — Lei A and B he alike electrified plus. 

Then the mutual attraction of their corpuscles will still be 
the minimum, because their electrical quantities, though altered, 
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are equal among themselves. Hence the tendency of A and B 
to mutual approach will be the minimum tendency correspond- 
to 2 A* q. But the tendency to mutual approach possessed 
by A and C, B and must be greater than the minimum, 
because the electrical quantities of tliicir corpuscles are unequal. 
Hence the bodies A and B, is free to move, must recede, — A 
being drawn toward C, and B towards D, by the superior at- 
traction. 

Case 2. — Let A and B be alike electrified minus. 

Then their mutual attraction will be the minimuniy because 
their electrical quantities are equal. But tffe mutual attraction 
of A and C, B and D, will be more than the minimum, because 
their electrical quantities are unequal. Thus, the forces which 
tend to separate A and B are greater than the forces which tend 
to bring them towards each other. Hence, A ?md B, if free to 
move, must mutually'’ recede, being drawn asunder by the supe- 
rior attractive forces which urge A tow^ards C, and B tow’^ards D. 

Corollary , — The greater the electrical intensity, the greater 
must the electric action of small electrihed bodies be. 

Ohservaiion . — In large electrified bodies, inductive influence, 
by affecting the distribution of their electricity, will modify 
their attractive and repulsive tendencies— or, to speak with 
greater correctness, their tenddheies to mutual approach, or 
mutual recession. 

Hitherto, the case of four homogeneous balls has been consi- 
dered ; but now let the exterior balls C and D be removed, the 
spaces they have been occupying will not be loft empty : tliese 
spaces will be filled with air. Now air contains elqptricity ; air 
obeys the same electric laws, and exerts the same electric influ- 
ences, as other parts of ponderable matter do. If, as is gene- 
rally believed, electricity is distributed among bodies, not ac- 
cording to specific: affinities, but simply in ))roportion to their 
volumes and surfaces, — then the electricity in the equivalent 
spaces C and D must be the same in quantity with the electri- 
city in A and B ; and thus these aerial spaces or portions will 
be quite as influential on the bodies A and B, as the solid bodies 
were which they have replaced. Further, the air in C and D 
will be virtually immovable ; because when one particle of air 
leaves either space, C or D, another particle of air must enter 
in As room, and perform the same functions. Thus it appears 
that it is quite possible to dispense with material idio-repulsion ; 
and that a theory beautifully simple is capable of explaining all 
the ordinary electrical phenomena. Tlie Franklinian theory, 
when disencumbered of material idio- repulsion, and im]>roved 
by introducing the influence of the equivalent spaces, possesses 
greater capabilities than the illustrious American electrician 
was aware of, being able to explain the recession of negatively 
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electrified bodies, and the quiescence of unelectrified bodies. 
This Mr. Kennedy showed by algebraic formulae and arithmetical 
calculations. Mr. Kennedy added, that the phenomena of exciia- 
tion by compression afforded experimctila cruets, from which it 
appeared, that the FrankUnian theory, though far more flexile 
and useful than it is commonly thought, cannot be the true 
theory. These phenomena supported Mr. Kennedy's own elec- 
trical tlieory. He added, that by supposing certain diversities 
to obtain in the electrical capacity of material corpuscles, the 
phenomena of cohesion* adhesion, capillary attraction, chemical 
affinity, electro-chemical decomposition, might be explained. 

Mr. Bryson asked Mr. Kennedy, wliether force did not in- 
volve repulsion j and If so, why lie denied the existence of 
electric repulsion, and yet admitted electric force P Mr. Ken- 
nedy replied, t(i«it he conceived he might admit electric attractive 
force, and yet deny the existence of lepulsive force, when he 
showed that tlie phenomena were the result of attraction alone. 


On the Temperature of the Earth in the Deep Mitics in the 
nc'xjhhourftood of Manchester. By Mr. Eaton Hodgkinson. 

Mr. Hodgkinson having, some years ago, received from Prof. 
Phillips, four thermometers belonging to the Association, got, 
through thoikindness of the proprietors of the following pits, 
and other parties connected with them, experiments made ujion 
the temperature of the earth in each of them : — The salt-rock 
pit, 1 1 yards deep, belonging to the Marston Salt Company, 
near Northw'ich, Cheshire; the Haydock Colliery, 201 yards 
deep, near to Warrington ; the Broad Oak Coal-mine, 329 
yards deep, near to Oldham. In the latter pit, a thermometer 
placed in a hole three feet deep, bored in ** metal,” and closed at 
the aperture, was examined weekly by Mr. Swain for twelve 
months, the temperature varying from 57'^ to 58?*^ Fahr. — it 
being lowest from the beginning of February to the middle of 
May, and highest in September and October to the middle of 
November. The experiments above mentioned were made in 
1837 and 183%?, and the results mentioned at the Birmingham 
meeting ; but the Broad Oak pit having been increased in depth 
since that time, a thermometer was inserted in it, in a hole bored 
in metal, as before. It was in a place 408 yards deep, and in- 
dicated a temperature of 6T'^, remaining nearly constant for 
twelve months. Mr. Fitzgerald being recently engaged in 
sinking a deep coal-pit at Pendleton, two miles from Manches- 
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ter, Mr. Hodgkinson conceived this to be a favourable opportu- 
»ity for getting additional information on the subject of subter- 
ranean temperature, and, on his application to tnc proprietor, 
the engineer (Mr. Ray) readily made for him, during the sinking 
of the pit, and afterwardl in liie workings, the experiments of 
which the results are below. At 408 yards from the surface, 
the temperature, in a hole from three to four feet deep, bored 
in dry rock, was f)6® ; at 450 yards deep it was 67^; and at 
480 yards it was 69 ®. In the workings at 461 and 471 yards 
deep, it was in both cases 6.5®. The mean temperature of the 
air at Manchester, according to Dr. Dalton’s experiments, is 
48® Fahr.; and, as the pits above mentioned are not very far 
from Alanchester, the mean temperature of the earth at the sur- 
face of each of them may be considered as 48“. With that 
supposition, the distance sunk for each degr^je of Fahrenheit 
would be as below : — 


In the rock pit 


. 32 yards. 


Havdock coalpit. .... 


. 20 „ 


Croad Oak pit 

,33.7? 
31.-1 { 

32.5 „ =. 

mean. 

Pendleton pit (shaft) . 

.23 2) 





23.2 „ 

,n||an. 

Ditto (in workings) . 

.27.1? 
»)’r r 

27.4 

moan. 


The mean from the wdiole being 27 yards for each degree ot 
temperature. 

The President remarked, that Mr. Hodgkinson s results gave 
the rate of increase of temperature greater near* the surface, 
and then decreasing, which did not agree with the results of 
other observers : this, he conceived, arose from nearly the same 
cause as that already remarked upon when Mr. Fox's report 
was under consideration. Mr. Hodgkinson commenced reckon- 
ing his descents or depths, not from the surface, but from 
the plane of invariable temperature, which in these latitudes 
was not far from 60 feet. — Professor Forbes illustrated simply 
by a diagram how this caused the rate of increase at first to be 
too high, and then to diminish. He then alluded to the frozen 
soil of Siberia, gave a description of it, and said, that it had 
been sunk througli to a depth of 382 feet without being pen- 
etrated — that is, without reaching a temperature of 32®, ^ 
although the temperature of the surface was hot below 18®. 
In this case, the rate of increase was rapid. 
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On the Agency of Sound, By Mr. Shakd. ^ 

Much has been done towards preserving and improving vision ; 
on the other hand, comparatively speaking, nothing has been done 
towards preserving or assisting our sense of hearing. So much 
are we in the dark in regard to the economy of speech in apart- 
ments, that it is a matter of chance whether any building will 
.answer th<j purpose intended, and frequently, when too late, it is 
dis(tovered to be in a great measure nsel(?ss. Mr. ShanJ then ad- 
verted to certain rules and principles by which sound, he said, 
was in a great measure governed. 1st. Sound is usually pro- 
duced, iu bodies more dense than the atmosphere, by sudden per- 
cussitiii, and the action of one body upon another ; and it is 
considered to be the result of different modifications of matter 
only. 2iid. Raj*id agitation, causing the atoms or crystals of a 
solid by their exlroinities to act upon each other, creates sound, 
whether this action be occasioned by original impulse or by re- 
flection. It is regulated by the principles of attraction and repul- 
sion, and it cannot be produced or conducted in any case, 
without being preceded by vibrato^ action. 3rd. As the 
atoms or crystals of solids vibrate repeatedly, and ultimately 
return to primitive positions, they produce more intense 

and continuous sound than fluids, the component parts of which 
)iass each other, and do not return to their original positions. 
4th. Edard bodies, as they conduct with more rapidity than fluids, 
must precede the atmosphere in action and sound, and give out 
their sounds to the more tardy conductors, consequently to the 
atmosphere. <5th. In conformity to the density of the atoms, 
their form, and the medium distance between them, is the in- 
tensity, duration, and velocity of sound. 6th. As all sonorous 
bodies, whilst they conduct or reflect, also create sound, it is ob- 
vious, that to preserve the original character of sounds, tho reflect- 
ing pr conducting body must, in its iitovements, accord in time 
with those of the body which produces or forms the original 
sounds. 7th. As vibration is necessary to produce or conduct, 
every still body must arrest sound, on the same principle that 
a body at rest being in contact with a wheel moving round its 
axis impedes its progress, 8th. Slow ])ressnre compresses a few 
atoms only, but rapid percus.sion occasions ac^jon, re-arlioii, and 
sound throughout hard bodies. 9tb. A solid, to produce much 
^und without great iinjjiilse, must he of limited diameter, in 
one direction, for it vibrates in this direction, because the 

atmosphere yields more than the solid, lOtb. In all matter in a 
stale of action, there arc tw’o distinct motions, the vibratoiy o 
tremulous, by which all the atoms throughout a body are agi 
lated together, and the imdulatory or oscillating, wliich eoiisist 
of a certain number - of atoms, and determines each distinc 
.‘=;ound in a body and in the ear. It is most important to under 
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stand in what manner and by what means these should be regu- 
lated, as on this depends the consistency of reflected with original 
^unds. lltlu The chief distinction between hard solids and 
fibrous substances is, that the latter possess more of the adhesive, 
and less of the repulsive 4 )rinqjple — they require to be more dis- 
tended in a longitudinal or superficial direction ; and intensity of 
sound is more by the extent of their excursions than molecular 
action. This is the cause of the different effects that are expe- 
rienced between wood and stone as the medium of sup]»ort and 
contaql;^ in railways. 12th. Fluids are more powerful conductors 
than productors of sound, but conduct less rapidly than solids. 
Their atoms or component parts pass each other, and do not return 
to their original places as do those of solids : this accounts for 
sound passing in all directions in the atmosphere ; also why the 
same degree of percussion produces more sound on hard 
solids than in the atmosphere ; and why, in transit, there is 
less change in its original character. 13th. Sound is much 
influenced by moisture in the atmosphere. Intensity and dis- 
tance of transit are regulated more by the adjustment of par- 
ticles than the proportion of moisture. For instance, it is 
loud and passes furthest* during frost, and at all times when 
objects are seen to a great 'distance. This is peculiarly 
perceptible within the tropics, and in this couqjry in sum- 
mer just as the sun sinks - under the horizon ; *but when 
cold increases, and the particles of moisture become larger, these 
effects are diminished. It follows, as a matter of course, that 
its transit must be more or less rapid under such varying cir- 
cumstances. 14th. Water conducts more powerfully and 
rapidly than the atmosphere ; and, so far as ascertained, with 
increased effect, as it approaches the temperaturc^of the human 
body. This is exemplified in tropical rivers, and in the human 
ear, where this fiuid is the only body in contact with the nerve 
of hearing, to which it must communicate sound consitcntly 
with its original charactqi:. 1 5th. Sound* is not produced by 
the atmo8})here alone wi^out violent concussion, or being in 
contact w’ith a more dense, medium. Being the offsjiring of 
atomical action in bodies, and in degree in the ratio of their ad- 
hesive and repulsive principles, it cannot be produced in a 
vacuum nor in a still body ; but the latter may, by concentrating 
and confining a fluid, increase action and sound for a time, after 
a certain impetus Ifas been given to the fluid, in like manner as 
a stream of water is incresused in velocity by being confined^p 
As it not only operates differentjy in every different substance, 
but undergoes certain changes by every change in the molecules 
or surface of any mass of matter, there are no limits to the effects 
that are produced by such changes. — It is difficult to reason on 
the operations of nature and the motions and influence of matter 
not perceptible to the eye. In the present case, however, said 
Mr. Shand, we are enabled to judge, partly by our ocular faculty 
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and in part from our sense of hearing. That the vibratory and 
uiidulatory or oscillatory motions are not only prevalent in thp 
musical strings but in all matter in a state of agitation, is indi« 
cated by the following facts : — Ist. In a musical string of given 
diameter and tension, wheh set id motion, the extent of the un- 
diflations are in the ratio of the length of the string— each undu- 
lation gives out a distinct sound, conformable in duration to the 
extent of the undulation. ^nd. In the walls and ceiling of an 
apartment these principles of action are also equally apparent ; 
wherever there is an extended surface fn any one place, ^e un- 
dulations are also extended, and these produce distinct sounds 
in the ratio of their extent. If the reflections of the human 
voice, by this means, be prolonged, the reflection of one letter 
falls upon the original sound ot another letter, and occasions as 
much derangement as if one syllable or word were intermixed 
with another syllable or word ; as one letter differs in sound 
from another letter as much as do syllables or words. This is 
one great and leading error in the construction of places for 
public speaking ; and it is alone suflicient to show how fallacious 
the idea is, of relying on the mere fcym of an apartment, with- 
out attending to and regulatiAg this action, in not only the w'alls 
and ceiling, but in every reflecting body in an apartment, 
especially in glass, which is the most sonorous material. 3rd. 
'fhe same rules of action are exhibited in 'water. In the ocean, 
the reach of sea is regulated according to the expanse of water : 
where there is an indent in the land, the wave is extended, 
and the sound it produces is prolonged. Were this action 
regulated by the current of air only, the waves would pass 
in one uniform direction ; but this is not the case. 4th. 
These principles of action are, however, more perfectly de- 
fined in the atmosphere, through whicb sounds are trans- 
mitted with least change, and are preserved separate and 
apart from each other. If analogical reasoning is to be 
applied in this case, and it be admitted that sound is only 
produced by the action of bodies on each other, and ceases the 
instant these^becorae still, there must be spherical intervals of 
rest during vibratory motion, in order to keep sounds apart, in 
conformity to their original formation. In most cases we reason 
as if the atmosphere were the productor, and the only medium 
of conduction, while we overlook the influ^ce of the solid as a 
sonorous reflector. Because analogy is experienced in certain 
points, we endeavour to reconcile its properties to those of light, 
which, like heat, is diminished as it spreads ; but in sonorons 
solids, as it extends to new matter, by bringing additional atoms 
into action, sound is propagated, until action in these atoms is 
reduced by triction. When the influence of the church bell is 
mwe from a different direction to that of original sound, by 
being reflected from a distance by the walls of buildings, does 
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not the tremulous action of the atmosphere impinging on these 
bring millions of new atoms in the building into action, 
and consequently new sounds are produced from^ distance, and 
in a different direction? Haring in^view mainly the economy 
of speech in apartments, I shalfproceed to this part of my subject 
to which the following facts nre applicable : — An individual wfio 
is so deaf that he is insensible to upwards of a thousand people 
singing in church, on applying one end of a forked piece of wood to 
his teeth, and the other end to the ledge of the division of the seat 
before 'Him, he is enableS by this to hear and join in the tune. 
Now it is not merely the partial agency of this wood tliat is to 
be considered, as, by the spread of the atmospheric vibrations, 
the voice sets in motion every atom of every solid in the church, 
and it is distributed throughout these with more rapidity and 
intensity than by the air, which is incapable ot coinniuriicating 
the same measure of vibratory influence at any one given point ; 
and it evinces that, being the more rapid and profuse c<)nductor, 
it is the W'ood that is most rapidly set in motion, and communi- 
cates action and sound to th'* air in a room. If these observa- 
tions be correct, nothing can be more erroneous than to suppose 
that speech can be regulated within the walls of an apartment 
without regulating the action of the solids which predominantly 
govern it in ihis case^ If sound predominates more in the fibre 
of the wood of the stethoscope than in the ath*ial passage in it, 
must not the same rule apply in a church, where the seats and 
lathing are almost invariably of pine ? In the Albion Cburcb, 
in Glasgow, are exhibited the short undulation, which accords 
with the articulate sound of the voice, and the lengthened un- 
dulation, which, by prolonged sounds overcomes^' firticulation. 
On listening to a preacher there, when it was densely filled, my 
seat was at an extrem# angle in the gallery from the jmlpit ; I 
heard the speaker with perfect distinctness when he spoke in his 
natural tone, as his voice was mostly reflected by the walls, 
which are of sclid masonry ; but when his voice was raised so as 
to act with more force on the ceiling, the hmger excursions and 
undulations of the then hollow ceiling produced prolonged 
reflections, which drowned speech. In St, Andrew's Church 
very different effects are produced in the galleries and lower 
part of it. In the galleries the ceilings are low and curved, and 
the voice, acting wifhin the curvatures, produces prolonged and 
concentrated reflections (as in all such cases,) inimical to speech ; 
the window^s are much exposed to the voice, and the divisions 
of* the seats rise too much above each other, all which occasion 
lengthened reverberations, to the prejudice of speech. The 
asperities presented by the ornaments on the walls, and the 
capitals of two ranges of Corinthian pillars, occasion harsh re- 
flections, which are unpleasant. All these defects, are however, 
lost in a great measure, in the Jow^er part of the building, where 
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little inconvenience is experienced. As the detection of error 
points the ^v ay to truth, I shall now advert to the defects #in 
two churches. First, Dr. Lee's, in St. Giles's, Edinburgh, in 
which the General Assembly m^t, bi^t were obliged to abandon 
as their place of meeting. The body of this church is of 
considerable length, but narrow, and the Walls being deep and 
near to each other, the vibratory and undulatory actions operate 
powerfully upon the voice of a speaker. In these? side walls are 
immense C^othic Avindows opposite to each other, and betw^een 
thc^se echo must sport like boys a*t battledore and shuttle- 
cock. A few feet behind the pulpit is a large window, and a 
vertical sounding-board, parallel with the back part of the 
]>ulpit ; while the recess where the pulpit is placed on one side 
of the nave of the church is Wainscoted to the height of about 
four feet. The wooden floors are mostly hollow or vaulted 
underneath, and the lower edges of the divisions of the seats 
on the ground floor rest on the hollow flooring ; so that the 
whole of* this concatenation of glass and thin tle.al boards are 
arranged as if the architect had intended to produce as much 
vibratory action as possible, and, consequently, sonorous re- 
flections. Such are tlie effects, that the preacher is very indis- 
tinctly hearil at the distance of twenty feet, and there are two 
galleries at the extremitief of the church which are locked up 
as useless. Similar cauvses produce similar effects in St. Luke's 
C’hurch in Liverpool. Here there is a locomotive pulpit, for 
the pur[>ose of rolling the preacher from place to place ; but 
there is even a gross evil in this vehicle, 'which accompanies it 
and the speaker to whatever point he may be conveyed. The 
canopy ovet- his head is a deep hollow body, formed of thin 
deal ; it is literally a drum, as may be understood by striking 
it with the knuckle of the hand, and ’p^'^duces deep hollow 
sounds, operating in a transverse direction, and most preju- 
dicially on the voice of a speaker. But the chief cause of con- 
fusion is metal Avindows Avith large panes of glass ; the crystals 
of both th^e bodies, having similar action, are more sonorous 
than wood and glass combined. The divisions of the seats rest 
on porous freestone, and the foundation of this building, like 
others in the same locality, is probably on sandstone, and both 
these give additional eflfect to other sonorous materials connected 
with them. I'he chancel of St. Luke's is*much narrower than 
the body of the church, therefore the windows are brought 
nearer together, and to the person officiating at the communion 
table ; consequently, the reflections from these must so over- 
come his voice, that he cannot be understood by the congrega- 
tion in the nave of the church. It is not by creating additional 
qf increasing reflected sounds, but by bringing the action of 
the reflecting surrounding solids to move in time with the 
mechanism by which speech is produced, and, by this means. 
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reflected sounds to accord with every distinct letter that the 
speaker pronounces ; it is by shortening the action, and limit- 
ing the time of each distinct reflection from the glass, thin deal 
boards, &c., to the time in which each letter is formed by the 
speaker. This, in fact, however simple it may seem, must be 
effected, otherwise no form in the walls of an apartment fo^ 
public speaking can accomplish what is necessary for the eco- 
norny of speach. It is true, we are told by the late evidence 
before a Committee of the Commons, on Sound, &c-, that re- 
flections in aid of speech i!hust be taken from one surface, and 
that surface possessing the properties of the pianoforte sounding- 
board ; which is the principle of all others that 1 would avoid. 
It is precisely that which is adopted in the drum of the loco- 
motive pulpit in St. Luke's on an extended and more prejudi- 
cial scale, as it must give out prolonged reflections in a trans- 
verse direction to that of the voice, which is predominantly 
delivered horizontally. To shorten the oscillations on ceilings, 
walls, and windows of places for public speaking, is not the only 
consideration ; but, until this shall be effected, no material aid 
can be given to speech within the walls of a building. 

Mr. Epsv read a paper to show that the four fluctuations of 
the barometer, which occur daily, ar% produced entirely by the 
increasing and diminishing elasticity of the air, due to incroas 
ing and uiminishing temperature. — When the sun rises, the air 
begins to expand by heat ; this expansion of the air, especially 
of that near the surface of the earth, lifts the strata of air above, 
which will produce a reaction, causing the barometer to rise ; 
and the greatest rise of the barometer will take pla^ w hen the 
increase of heat in the lower parts of the atmosphere is the 
most rapid, problably about 9 or 10 a-m. The barometer, from 
that time, will begin to fall ; and at the moment w licri tlie air is 
parting with its heat as fast as it receii’^es it, the barometer will 
indicate the exact weight of the atmosphere. I he barometer, 
however, will continue to descend on account of the diminish- 
ing tension of the air, and consequent sinking up9fi its€*lf, as 
the evening advances, and its greatest depreosion will be at the 
moment of the most rapid diminution of temperature, which 
will be about 4 or 5 o'clock At this moment the barometer 
will indicate a less pit‘ssure than the true weight of the atmos- 
phere, The whole upper parts of the atmosphere have now 
acquired a momentum downw’aixls, which will cause the barome- 
ter to rise above the mean, as the motion diminishes, which 
must take place- some time in the night. 'I'his rise will be 
small, however, compared with that at 9 or 10 a.m. As the 
barometer now stands above the mean, it must necessarily 
descend 4o the mean at the moment w'hen it is neither increasin|r 
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nor diminishing in temperature, ’which will be a little before 
sunrise. If this is a true explanation of the tour fluctuations 
of the barometer in a day, it will follow that the morning rise 
ought to be greater at considerable elevations, provided tlley 
are not too great, because some of the air will be lifted abov(i 
the place of observation*^ and*8uchfwas found to be the case 
by Col. Sykes in India. As this morning rise of the barometer 
depends on the increacing elasticity of the air, and this increas- 
ing elasticity, on heat, Mr. Espy proposed to the mathematicians 
to calculate how much the whole atmosphere is heated from 
sunrise till the time wlien the barometer stands highest, the 
actual rise of the barometer being given. In this way meteor- 
ology may assist astronomy. 

Prof. Forbes doubted the correctness of Mr. Espy's views of 
the cause of the great daily “fluctuation of the barometer at 
elevated stations ; for, towards two or three o'clock, the heat 
being greatest, its effect in lifting up the inferior air to and 
above the elevated station should then he greatest, whereas that 
time of the day was nearer to the time of minimum height 
of barometer than its maximum. 


ELEMENTARY LECTURES ON ELECTRIC 11 Y. 

LECTURE V. 

When the electric force, of either a negatively excited stick 
of sealing wax, or of a positively excited glass tube, is suffi- 
ciently powerful, their polarizing influence may be extended 
through a series of metallic rods, placed end to end, having a 
plate of ;iir, of about half an inch in thickness, between them. 
If, for instance, we employ tivo of these rods, and place their 
axes in the ^ same right line, at 'about half an inch asunder, 
as represented by fig. 3, and furnished with pith balls, we shall 
have them ready for the experiments. 

fig. 3. 

yiA A 

Let us now excite the glass tube, and you will see that, when 
it is presented to the outside ball of the rod B, in the manner 
shown in fig. 2, page 172, the whole of the four paii^ of pith 
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balls will diverg^e, showing th#<t both the rod B and the rod A 
are electrical. You will observe, also, that those two next to 
the excited tube, will not only diverge trom one* another, but 
th^y wilf also have a tendency to approach the tube. And by 
paying attention to the other balls, it will be seen that those 
belonging to the inner exAremkies ofi the rods A and B, have 
also a tendency to come together ; that is, although the balls, 
of each pair will diverge from one another, those belonging to 
the different rods lean towards each other ; and, indeed, very 
frequently come into contact with each other. 

Now', from the facts which 1 have before brought to your 
notice, respecting the conditions under which bodies attract one 
another by the influence of electric forces, you will easily un- 
derstand that the outer balls of the rod B, which have a ten- 
dency to approach the glass tube, must necessarily be in an 
opposite electric state to that tube, otherwise they would have 
no tendency to move in that direction. Hence, they are ne- 
gatively electrical ; and as they are in the same condition as that 
end of the rod to which they are attached, that part of the 
metal is also negative. This is also the case with the balls at- 
tached to the inner extremity of the rod A, and consequently 
w'ith that end ol'the rod itself : and as the balls attached to the 
inner extremity of the rod B, are attracted to those belonging 
to the inner extremity of A, those extremities of the two rods 
are difl'ereiitly electrical, and consequently the inner extremity 
of the rod B is positive. 

The balls attached to the outer extremity of the rod A, and 
consequently that end of the rod itself, may be shown to be 
])ositively electrical by the usual means, already noticed, c'ither 
by the application of a negatively excited stick of‘ scaling wax, 
or by a positively excited glass tube. And the same tests may 
also be applied to the two pairs of balls attached to the inner 
ends of the rods A and B. The outer p*air of balls belonging 
to the rod B, may also be tested by a negatively electric stick 
of sealing wax. 

If, instead of employing two rods only, as in those last ex- 
periments, we were to place three or* four in a row, every rod 
w'ould become electro-polar, upon the principle above descrided. 
For instance, by presenting an excited glass tube, the nearest 
extremity of every copductor w'ould become electro-negative, 
and their farther extremities electro-positive. In such cases, 
the brass rods polarize one another after the polarizing of the 
first one, by the excited glass tube ; for the accumulated elec- 
tric fluid at the remote extremity of the first rod, displaces th<» 
fluid belonging to the second one ; and the accumulated fluid 
at the remote extremity of the second rod exercises a similar 
action on tlie fluid of tlie third rod ; and so on through the 
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whole series. But as the polarizing action decreases with every 
additional rod., the series of rods which can be polarized by 
these means, is limited to a very few. But, in all cases, the 
polarizing effects are exalted by connecting the rod, most re- 
mote from the glass tube, witli the ground by some good con- 
ductor ; the reason of Wiich i«, that the resistance to the dis- 
tyrhance of the fluid, in the other rods, is lessened by giving 
free access to the ground to the fluid in the most remote one. 

This last fict will lead us to another by merely a trifling 
variation in the experiment- Let us now employ one insulated 
brass rod only ; and polarize it by the approach of a positively 
excited glass tube. Its pith balls, at both extremities, will di- 
verge as usual. Now place a finger on the remote end of the 
nuaallic rotl, and the balls at the nearest end will diverge more 
than before. I^ake away the fingers whilst the rod is still under 
tlu; influence of the electric tube, and then gradually draw the 
tube aAvay also. You will now observe that both pairs of pith 
balls firsl collapse, aiul when the tube is entirely removed from 
the vicinity of tlie rod, they again open, and remain divergent 
for some considerable time afterwards. Now test the electric 
state of the rod, and it is found that the whole of it is negatively 
electrical. Noav the reason of this is very obvious when we 
consider some of the imrticidars ol‘ the previous experiments ; 
for the application (if the finger to tlie rod whilst under the in- 
fluence of the excited glass tube, gave an opportunity for a 
portion of the electric fluid to depart from the rod ; and by 
taking away the finger whilst the rod was still under that in- 
fluence, the latter was left insulated Avith less fluid than’it pre- 
viously had possession of. 

I must no”^ point out another fact wliicli very frequently at- 
tends many of the experiments I liave hith.erto offered to your 
notice, because if you AA'ere not acquainted Mutli it you miahr. 
probably, on many occasions, arrive at wrong conclusirms re- 
specting the electric characters of any electrized body presented 
to the electroscope. When the excited glass tube is kept j ec- 
sented to the brass arm of the electroscoxie for a minuU* or t\v o, 
a portion of the fluid naturally belonging to tlie brass ai-u:, ?s 
driven out through the medium of the asperities on the surlacvs 
of the balls, and the fibres of the threads by Avhich they art 
suspended : and, although the polarization of the brass rotL 
holds good whilst under the electric force of*tlic tube, Avlien you 
withdraw the latter slowly, the polarization gradually subsides, 
and at a certain distance the force on the tube permits the bails 
of each pair to collapse and hang togetlier ; but when the lube 
is still further removed from the brass rod, its electric influence 
is no longer in operation, and the balls again diverge, being 
left in a negative condition in common with the rod to which 
they are attached. It is exceedingly important that tiiis fact 
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should be well understood, because there is a strong probability 
that from a want of this piece of information, many errors have 
arisen by those who only occasionally employ an electroscope. 
I shall, very shortly have to describe electroscopes of much 
greater delicacy than that w^e have liitherto operated with ; but 
they are all susceptible of similar elcotro-polarization, and loss 
of fluid, which, if not taken into consideration, would necessarily 
lead to mistaken conclusions. 

The employment of negatively electric bodies, such as ex- 
cited sealing wax against fur ; for, in such cases, the remote 
extremities of the electroscope being negative by the polarizing 
influence of the wax, they draw in an additional quantity of 
the electric fluid from the surrounding air, which, when the 
wax is withdrawn, leaves them in an overcharged or positive 
condition, as may be understood by the usual tests with which 
you have now become familiar. 

Hitherto we have employed brass rods only, for our illustra- 
tions of electro-jjolarization ; but wg must now proceed with 
metallic bodies of other figures ; and we w ill commence witli a 
thin metallic disc, which may be about six inches in diameter. 
It must bt? well rounded, and made smooth at the edge, and 
insulated on a glass stem with its plane in a vertical position. 
A disc of common tin, (tinned iron) neatly wired round its 
margin, answers very well for purposes of this kind : and a 
thread passing through a small hole a little above its centre, 
having a light pith ball at each end, answers very w ell for aii 
electroscope. 

The manner of polarising the disc of metal, is by a])proachii»g 
one of its flat sides with an electrized body : for instance, 
either an excited glass tube, or an excited stick of*Sealing-w'ax. 
rhe pith ball on that side next to the polarizing body, will 
ap]3roaeli it, and the other will recede from it. Hence, you wnll 
observe, that both balls quit the surface of the metal, each be- 
ing repelled by the surface to wdiich it belongs. They may be 
proved to be in different electric conditions by tlic? ditferent 
tests. WJien the polarizing hotly is excited smooth glass, the ball 
next to it is negative, and that on the opposite face of the disc 
is positively electrical. Hence, the law of polarization of tlie 
thin disc is in accordance with that which is developed by the 
polarization of longr pieces of metal ; and it is a matter cf no 
consequence how thin the disc may be, the polarization of its 
two surfaces is as conqjlete as if it were of considerable tliickness ; 
one face being electro-positive, and the other electro-negative. 

The electro-polarization of thin pieces of metal lead as to tlie 
employment of another piece of apparatus, called the electro- 
phorous ; whose action could not have been well understood 
without a previous acquaintance wdth that fact. 
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The base M. M. of the electro-phorous, fig. 4, 



consists of a circular tin <iish, with a vertical rim, about three 
quarters of an inch high. 'I'his metallic dish is to be filled with 
some resinous matter, whilst in a melted condition. Pitch 
alone is too soft, otherwise it would answer for the resinous part 
of the apparatus. A mixture of about etjual parts of pitch and 
rozin, well incorporated with each other, form a very good 
con, pound for this purpose. Some employ lac, rozin, bees* 
wax, S:c .3 mixed together, but 1 never yet saw a better electro- 
phoi'fius than those made with a mixture of pitch and rozin. 
J'he size will, of course, vary the electric power of the instru- 
ment, but w’hen a dish is about twelve inches diameter, the 
power is sufficiently great for ordinary jiurposes. Besides the 
metallic base*, and the resinous Ccike, there is also a disc of metal 
S, of about two inches less diameter, wuth a glass handle H, 
which form the cover of the instrument. Hence, the clcctro- 
phorous, consists of three principal parts. The sole M, M, the 
resinous cake E, E, and the cover S, which, by its ingeneous 
inventor, M. Volta, is called Scuf/io. 

The eloctrophorous is employed in the following manner : — 
Excite the resinous cake, when warm and dry, by whipping its 
surface with a >varm and dry silk handkerchief This process 
gives it .a negative electric action : and the excitation is best 
accomplished when the sole M, M, is in good conducting con- 
nexion with the ground. Touching it with th^finger does pretty 
well, but resting it on your knee, whilst sitting, answers much 
bette r 

When the electrophorous has become excited, place upon 
its surface, by taking hold of the glass handle, the cover S, 
leaving a margin of the resinous cake uncovered.' In this posi- 
tion, the inequalities' on the surface of the cake, prevent the 
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cover from coming into general contact with it : which, instead 
of partaking of the negative character of the cake, becomes 
electro-poLar from its influence : its lower side being electro- 
positive, and its upper one electro-negative. Now touch the 
cover with a finger, and a smart spark is seen passing from the 
finger to the cover. Now*take#ip thg cover by its glass handle, 
and present its edge to your knuckle, and again a spark passers 
between them. You may now repeat tliis experiment many 
times, by touching the cover each time before it is removed from 
the resinous cake, without any further excitations. When tlie 
apparatus is kept warm aijd dry, it will keep in action for several 
days. 


Prize Volumes of the Annuls of Electricity, 

In order to stimulate and promote experiniontal iiujiiiry, in 
the various departments of Electricity and Magnetism, the 
Editor proposes to offer prize volumes of the Annals, to those 
experimenters who may be most successful in the following 
subjects : — 

1st. For a description of the most powerful soft iron, or 
Elcctro-magnct, in proportion to the weight of the iron em- 
ployed in structure; which is not to he less than 101b. The 
voltaic battery employed wull bo at the option of the c*xperiinenter ; 
and is to he described by him, with the manner of using it in the 
experiments with the soil iron magnet. 

2nd, For the invention of an electrical-machine, more power- 
ful, in proportion to size, than the usual ])late, or cylindrical form. 
A full description of the apparatus, with a suitable drawing, will 
he required. • 

3rd. For an account of the most extensive and best conducted 
experimenls of the electricity of the sti^ain of boilers of high or 
loH pressure engines ; with all the ]nii'ticulars respecting tin* 
cliaraclcr of the water employed in each boiler ; and such other 
p>ariicuhirs as may appear interesting. 

dth- For the best mode of procuring Electro- type Plates, dif- 
j‘t n iit from those jjuhlished. 

£Jth. For the best pajier on any branch of experimental research 
in Electricity or in iSlagnelism. , 

The prize for each of the above subjects will be Volume VI,, 
of the ** Aijnals of Klectiicity, Magnetism and Chemistry, &c.” 
bound, and gold lettered in the first-rate style, with a suitable 
emblem and motto. To he presented to the successful candidates, 
or their agents, (in London, if required,) on the first day of 
August, 1841. 

The communications ou the above subjects are to be addressed 
to Mr. William Sturgeon, Royal Victoria Gallery of Practical 
Science, Manchester, on or before the 1st day of May, 1841- 
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Giua^5>tan of isjcpcitmcntal Sti^nce. 

1839. • 

Liv. r/i storiral >dkctch of the rise and progress of Electro- 
magnetic Engines for propelling machinery, • 

7'(> trat'O the iiiveutioii of electro-magnetic engines to the 
first iclocis whicli were formed in the minds of pliilosophers, 
concerning the probability of their .structure and usefulness, 
'would ive an undertaking which no one coukl possiby accom- 
plish ; but, as has been the ca.se in many other inventions, it* 
nui}’ proliably ha\e been at a nm<‘h earlier period, in the his- 
tory of electro-magnetism, than the date of any contrivance, 
for that purpose, which lias hitherto be<?n described. 1 he 
eiectro-rnagnetic rotations, first suggestedby Dr. Wollaston,* 
and actualiy performed by the ingenious contrivances of Mr. 
l*’araday,t were depending upon forces too feeble to anticipate 
from them an accumulation of power to a suHicient extent to 
be applicable in propelling machinery; though, as we are 
well aware, that subsequent forms of the apparatus, especially 
the stellar wheel of Mr. Barlow ,+ and the rotating disc of 
Mr. Sturgeon § on an extensive scale, were subjected to 
trials for this purpose ; but, although voltaic apparatus and 
horse-shoe magnets of great powers, were employed in these 
trials, the combined forces were found to be insufficient to 
keep even the wheels themselves in motion. Mr. Sturgeon’s 
discovery of magnetizing bars of soft iron to a considerable 
power, and rapidly changing their polarity by^ miniature vol- 
taic batteries, 11 and the sub.se<iuent improved plan, by professor 

* Phil. Trans, for 18^3. Quarterly Journal of Science, Vol. XIL 
p. 79. Vol. XV. p. 289. 

+ Quarterly Journal of Science, Vol. XII. p. 74. 

X Barlow’s Magmatic Attractions, 2d. Edit. Part JTI. 

4 Transactions of the Society of Arts. London. Vol. XLUI. 
jj IVansactions of the Society of Arts. Vol. XLUI. 

Vor.. III.— Ao. 17, March, 1839. 2 A • 
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Henry, of raising the magnetic action of soft iron/* deve- 
loped new and inexhaustible source;^ of force which appeared 
easily and extensively available as a nieclianical agent: and 
it is to the ingenious Ameijican^diilosopher, above named, 
that we are indebted for the first form of a working model of 
an engine up#n the principle of reciprocating polarity of soft 
iron by electro-djuiamical agency. Dr. Henry’s machine is 
described in the twentieth volume of Silliman’s American 
Journal of Science, in a letfcsr to the editor of that excellent 
periodical. I'he following is a copy of Dr. Henry’s lei ter. — 

On a reciprocating niotion produced bij magnetic attraction 

and^repulsion: bij Professor Joseph Hoirij. 

To the Editor. 

have lately succeeded in producing motion in a little ma- 
chine by a power, which, I helievc> has nevm’ before been 
applied in mechanics — by magnetic attraction and ri'jnilsion. 

“ Not much importance, liowevor, is attached to the inven- 
tion, since the article, in its present state, can only be consi- 
dered as a philosophical toy; although, in the progress of 
discovery and invention, it is not impossible that the same 
principle, or some niodificalioii of it on a more oxlcn(l('(l scale, 
may hereafter be ajvplied to some useful purpose. But w il]iv)iit 
reference to its practical ulility, and only viewed as a new 
effect produced by one of the most mysterious agents of 
nature, you wdll not, perhaps, think the following Ticcount of 
it unworthy of a place in the Journal of Science. 

‘‘It is well known that an attractive or repulsive force is ex- 
cited between two magnets, according as poles of different 
names, or poles of the same names, arc presented to each 
other. 

“In order to understand how this principle can be applied to 
produce a reciprocating motion, let us suppose a Ijar magnet 
to be supported horizontally on an axis passing through the 
centre of gravity, in precisely the same manner as a dipping 
needle is poised; and “Suppose two other magnets to be ])lacecl 
perpendicularly, one under each pole of the horizontal mag- 
net, and a little below it, with their north poles uppermost; 
then it is evident that the south pole of the horizontal magnet 
will be attracted by the north pole of one of the perpendicular 
magnets, and its north pole repelled by the north pole of the 
other; in this state it will be at rest, but if, by any means, 

* SiUiman’s American Journal of Science. Vol xix, P. 329. 
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we reverse the polarity of the horizontal magnet, its position 
will be changefl, and the extreniity which was before attracted 
will now be rcipelled; if the polarity be again reversed, the posi- 
tion will again be clianged, and sp on indefinitely: to produce, 
theretbre, a continued vibration, it is only necessary to intro- 
duce^ into this arrangement, sonje means by which the polarity 
of the horizontal magnet can be instantaneously changed, and 
that too by a (;ause wliich shall be pul inoperai ion by the motion 
of the magnet itself: how this ^aii be effected, will not be 
diflicult to conceive, when 1 mention, that, intend of a p(^r- 
maneiit steel magnet, in the moveable part of the apparatus, a 
soft iron galvanic apparatus is used.* 

The change of polarity is produced simply hy^ soldering to 
the extremities of the wdres which surround the galvanic 
magnet, two small galvanic batteries, in such a manner that 
the vibrations of the magnet itself may immerse these alter- 
nately into vessels of diluted acid; care being taken that the 
batteries are so attached that the current of galvanism from 
each shall pass round the magnet in an opposite direction. 

“Instead of soldering the batteries to the ends of tlie wdres, 
and thus causing them at each vibration to be lifted from the 
acid by the power of the machine; they may^^ he permanently 
fixed to the vessels, and the galvanic coiiimunication formed 
by the amalgamated ends of the wdres dipping into a jar of 
mercury. 

‘‘The whole will be more readily understood by a reference 
to fig. 4, Plate XI, where A 13 is the horizontal magnet, about 
seven inenes long, and moveable on an axis at the centre; its 
two extremities wdieii placed in a horizontal line, are about 
one inch from the north poles of the upright magnets C and D. 
O and F are two large tumblers containing dilute aci#, in 
each of which is immersed a plate of zinc surrounded with 
copper. /, in, s, t, are four brass thimbles soldered to the 
zinc and copper of the batteries and filled with mercury^ 

“The galvanic magnet A, 15, is wound with three strands of 
copper boll wire, each about 2.5 leet long; the similar ends of 
these are twisted together so as to for^i two stiff wures, which 
project beyond the extremity B,jand dip into the thimbles v, t. 

“To the wires q, r, twm other wires are soldered so as to 
project in an opposite direction, and dij) into the thimbles l, m. 
The wires of the galvanic magnet have thus, as it wore, four 

* For a method of constructing the g'alvanic method on an im- 
proved plan, see my paper in Vol,^lX. p. 329, of this (Silliinaii’s) 
Journal. 

A description of Prof. Henry’s method of making’ soft iron njag- 
nets by voltaic electricity will soon appear in these Annals. IiiUiT. 

2A2 « 
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projecting ends; and by inspecting the figure it will be seen 
that the extremity wz, which dips into tlie cup attcu-hed to the 
copper of the battery in (i, corresponds to the extremity r, 
connecting with the zinc in K. ^ „ 

“ When the batteries are in action, if the end 1^ is depressed 
until 7 , T, dips into the cups s, A instantly becomes a 
powerful magnet, having its north pole at U; this#of course 
is repelled by the north pole D, while at the same time it is 
attracted by C, the position is consequently changed, and o, 
p, comes in contact with the mercury in /, 7n: as soon as the 
communication is formed, the poles are reversed, and the 
position again changed. If th<' tumblers be tilled with strong 
dilute acid, the motion is at first, very rapid and pouerlul, 
but it soon almost entirely ceases. By partially filling the 
tumblers with weak acid, and occasionally adding a small 
quantity of fresh acid, a uniform motion, at the rate of 75 
vibrations in a minute, has been kei)t up for more than an 
hour, with a large battery^ and very ^v<'ak acid, the motion 
might be continued for an indefinite length of time. 

** The motion before described, is entirely distinct from that 
produced by the electro-magnetic combinations of wires and 
magnets; it results directly from th<' mechanical action of 
ordinary magnetism; galvaiiism being ordy inlrod\u*ed for the 
purpose of charging the poles. 

My friend Professor Green, of Philadelphia, to whon^ I 
first exhibited this machine in motion, recommended the 
substitution of galvanic magnets for the twoperpendigiilar steel 
ones. If an article of this kind wers to be. constructed on a 
large scale, this would undoubtedly be the better plan, as 
magnets of that kind can be made of any required power, 
but a small apparatus, intended merely to exhibit the 
motion, the plan here described is perhaps the most con- 
venient.” 

This ingenious invention of Professor Henry does not 
appear to have been any further pursued, nor any improve- 
ment in the original instrument to have yet taken place, though 
it is obvious that for some purposes, where a reciprocating 
motion is wanted, as in the pistons of pumps &c., it might 
be brought into play with more facility than most other forms 
of electro-magnetic engines that have hitherto made their 
appearance. 

In 1 835 Dr. Schulthess published a small work in which he 
speaks at considerable length about Dal Negro’s* apparatus, 
or rather about the unintelligible manner in which it is des- 

* Dal Negro’s w'as rather for experiments than for work. 



7/ingnt'fir Engines for propelling niaehlncry. 433 

( rlbod ; and then ^ives a desci iption of one wlneh he himself 
J)ful made and exhibited in a lecture which he (h livercd to the 
Philosophical Society at Zurich in l^cbruary, 18 :3. Dr. 
Schulthess’s niiniature machine cim.si^ted of twa) horse-shoe 
soft iron electro magnets, priced Imrizont ally w ith their ends 
opposite to {'ach other, with a small space l)etween for the 
play of another small magnet which performed a pendulous 
mo. ion. 'Idle whole was supported upon a four-legged wooden 
frame resembling the frame which supports the plate of an air 
pump. See Taylor’s Scientilic Memoirs Part JV. p. 534. 

'J'he first rotatory electro-magnetic engine of which ftiere 
i.s any acc mut on record, is that invented by Mr. Sturgeon, 
as dcscril.ed in the first volume of tliis periodical.* This 
engine was constructed in 1832, and appears to he the first 
of this class which gave motion to wxirking models of machin- 
ery or, indeetl, to which any model of the kind was attached. 

'J his (uigine would draw light loads on a railway, pump water, 
saw t])in piec es of w'ood by means of small models which it 
wairkc'd with considerable facility : and though the batteries 
were of small dimensions, yet w hen the zinc cylinders were 
anialgainated,t and^enveloped in either a bladder, pasteboard, 
or paper case, to jirevent the transmission of the mercury to 
the copper surface, and also to prevent the admixture of the 
exciiing li<|uid>}: employed, the action would continue for 
some considerable lime. Put the force produced ]>y these 
means, though it would last much longer, it was far from 
being so energetic as when dilute iiilrous acid alone was 
employed for the exciting licpncl of the battery. The move- 
ahle part of Mr, Sturgeon’s engine w^orks on a vertical shaft, 
wdiich caiTies four steel magnets, whose attractions and repul- 
sions operate in concert, and in unison with the attractions 
and repulsions of four vertical soft iron magnets, whose forces 
are brought intt) play by the electric currents from the two 
batteries : and the reversal of their poles is accomplished by 
four wires which, in succession, come into contact wdth four ^ 
quadrantal copper plates, 

• 

* Annals of Electricity, &c. Vol. I. p. 75. 

+ The history of ainalgatnated zinc being employed in voltaic 
batteries, will be found in Vol. I. p. 81. 

X Sir H. Davy appears to have been the first philosopher who 
employed two or more different exciting liquids at the same time 
in the voltaic battery. He was thus enabled to construct batteries 
which consisted of one metal only, Nicholson’s Journal, quarto, 
Vol. V. p. 78, 341. Phil. Trans, for 1801, and 1826. 
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• 

Professor H. Jacobi “constructed a magnetic machine 
for continued circular motion,” in May 1834,* * * § which was 
described in a note presented to the Academy of Sciences at 
Paris, in iMoveniber of the same year.f Professor Jacobi 
published an excellent essaj^on elect ro-magnctisni as a motive 
force, and on its application as a first mover in machirie’-y. 
A translation of this essay, from the h'rench original, by Mr. 
L.ang, will be found in tlie first volume of these “ Annals,” 
commencing at page 40H. ^Jacobi’s engine consisted of six- 
teen soft iron magnets, eight of which were fixed to, and 
rotffted wnth, a liorizontal shaft or spindle ; the other eight 
being fixed to a steady frame in such a manner that their 
poles might be approached as close as possible, without 
being touched by those of the moveable magnets in their 
rotation. I'lie whole of these magnets were l)rouglit into 
play hy four voltaic troughs, whose electric currents traverse 
spiral conducting wires which surround the iron bars, i^e- 
sides a description, w ith an illustrative plate, of this engine, 
much curious and interesting information wdll be found in the 
author’s essay. 

At the meeting of the British Associtlflion at Dublin, in 
1^35, the Rev. J. \V. Mc.(*auley prodnce<l an electro-magnetie 
engine which attracted considerabh' attentio]i. The autlior 
proposed to augment its power hy several inij)rov(‘ments 
W'hich ho then had in contemplation. At the meeting at 
Bristol, the following year, Mr. Mc.tiauh y again brought 
forw aid his engine, and detailed an extensive series of exj)t;ri- 
ments, the results of which did not hold out lo*him much 
further prospe(4s of making his apparatus applicable to g(;neral 
use. 

Professor Callan, of Maynooth College, who has published 
some valuable papers on electro-magnetism, was constructing 
a large engine on this principle in June, 1836.J This engine 
w^as tried towards the latter end of the same mouth, but was 
found defective in its first form : hut by a new arrangement 
* it gave rapid rotation to a wheel which weighed about one 
hundred pounds. § From the prospects afforded by this small 
engine. Professor Callan w^as induced to proceed to the 
structure of one of much larger dimensions ; which was to be 
worked by forty electro-magnets, and expected to propel a 

* Annals of Electricity, &c, Vol. I, p. 410. 

+ Ibickp. 409. 

J y\nimls, Vol. I. p. 378, 

§ Ibid, 494. 
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cai riiige and its load weighing tliirtoon hundred weight, at 
the rale of seven or eight niih*s an hour. 'J he author has 
(‘iiterod on some interesting ealculalions on the proSahlc 
adv'antages of el 4 Jctro-magnetic engines, which the reader may 
consult at page 194, Vol J. of thiise Annals. 

In NoveinL'cr, 1 ■<3(), Or. C.\ Page, of Salem, I riited States, 
who is the author of several ))eautirul pieces of electro-mag- 
netic apparatus, turned his attention to engines of this kind ; 
and published an account of hjs progress, in the American 
Journal of Science, for Octolxu*, 1837. The revolving iron 
cdeclro-inagnets in this philoso})her’s contrivance, are of the 
horse-shoe form : and arrangetl on arms, or radii, at right 
angles to the rotating shaft, like the spokes of a wheel ; hav- 
ing the jioles out we.riis and nearlj’ in the (nrcainiference of a cir- 
cle in which the stationary magnets are fixed. Or. Page men- 
tion!^ a large engine which he was then constructing, whose 
revolving a{)paratus would wungh nearly a hundred pounds. 
Set) these Annals, Vol. I 1. p. 2H5. 

In Aj)ril, ls;>7, Mr. Sturgeon announced his having 
snccc'oded in projielling a boat, and also a locomotive carriage 
by electro-magnetism. Annals of hhoctricity, Vol. 1. p. 250. 

I'he electro-magnetic engines constructed hy Mr. Oaven- 
port of Handon, near Hutland, Vermont, Ihiitcd States, were 
first announced in the American Journal of Science, for April 
l (Sec Annals of Klectricity Vol. 11. p. 257). Since that 
time various accounts of these engines have appeared through 
the same medium, and others by the medium of the Journal 
of the Pranklin Institute; all of which have been transferred 
to the pages of these Annals. (See Vol. II. p. p. 257, 2S4, 
347, &ic.) Mr. Davenport’s efforts, in bringing electro-mag- 
netic engines into repute, have been strongly supported bjMhc 
liberality and patronage of Mr. Ransom Cooke, and the appa- 
rent success with which they were attended, has been the 
means o^forming an electro-magnetic association in America.* 
Ill February ls37, Mr. Davenport secured an American 
^‘patent for the application of electro-magnetism to the pro- 
pelling of machinery” in his own name ;t and in the Summer 
of 1S3S, a Mr. Cooinbes was sent td this country with a loco- 
motive engine of Mr. Davenport’s construction, for the pur- 
pose of securing a similar patent for these realms. + We are 
not aware why Mr. Coombes returned to America without 
accomplishing the object of his mission ; but we imagine that 

* Annals, Vol. II. p. 284. 

+ Ibid, p. 347. 

t Annals, Vol. III. p. 156. 
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he could have little difliculty in discovering that Mr. Daven- 
port had heen anticipated, in almost every particular, in this 
country. It would occupy too much room, in this place, to 
pourtray an outline of the various accounts )^hich have heen 
published of the perl*ornmnct‘S ol^ [Mr. Davenport’s engines, 
nor indeed would it he necessary to do so, sintre they are to 
be found complete in the ditferent parts of these Annals to 
w'hich we have already alluded. 

In the American Journal of Science, for October, 1837, Dr. 
B. R. Me. Connell gives an account of an electro-magnetic 
engine, which works upon the principle of the eh'ctro-magnotic 
wheel between the poles of a hor.se-shoe magnet. c refer 
the reader to Vol. II. p. 12 >,ol the.se Annals for the author’s 
own account of this instrument. 

An exceedingly ingenious arrangement r>f electrO' iniignets 
of soft iron was invented by J. 1^. Joule, JCsq. of Sallbnl, 
Manchester, in 1837. and de.scrihcd in these Annals in the 
January No. for 183^. (See Vol, Jl. p. J22.) The bars, in 
this beautiful instrument, are of a pmuliar construction, and 
the transposition of their polarity cffecte.l by an excet'd- 
ingly ingenious contrivance. IVIr. .Joule propor (‘s to ap})l) his 
engine both to locomotive carriages jnid to t)o?its. he dc*- 
scription is accompanied by two neat figures of illust ratioro 
Air. .Joule also mentions another small en*. ine which i e was 
then constructing; it was to con.sist (A' loi<y in.ggncis.* A 
description of another engine with a series (J i/iler('r.t ing ex- 
periments by the same gentleman, will be found at the latter 
part of this article. ** 

The Rev. V\ Jaickey describes a very pretty arrang('meiit 
of magnets for an engine, in a letter to ilie ICditor of the 
Annals of Ifloctiicity. dated .June 12lh 1*^38. (See Annals 
Vol. 111. p. 14.) M r. Tockey’s plan not only differs from 
every other yet published, hut apptgirs to be well adapted for 
efficiency of power. I'he movt'ahle inagnetF, fQrty^eight in 
number, are of soft iron with the usual wire coils for the trans- 
mission of electric currents ; and arranged in eight groups of 
six in each group, on the revolving central shaft. J’he fixed 
magnets are ol’ the same 'kind and number, and also arranged 
in eight groups around the circle described by the outer poles 
of the moveable ones, in such a maimer that both systems of 
magnets may operate mutually on each other and produce 
rotatory motion. See fig. 9, Plate I., Vol. III. 

About the latter part of the year ls37 a variety of ingenious 
contrivances, in the form of rotating engines, w ere to be seen 
in the different philosophical instrument makers’ shops in 
Ixindon. Some of them had miniature saw" mills, pumps. 



magnetic Engr/ies for propelling vinchnierp. 437 

ami ()tl*cr pieces of machinery attached, and put in motion 
by (luiin. Mr. W at kins gave a description of one in the 
Idiil. AJag. for February, 183?^, consisting of four vertical 
st(Hd magnets, phiced at c<jiial dist^inces from each other in 
the cir<*miiier<*nct‘ of <i circle ; and four small iron electro- 
magnets which v\ere lixed at right angles to. and rotated with, 
a vertical spiiuile, situated in the a\is of the system. Air. 
Palmer, of Newgate Street, has ioiig had in his window a very 
great variety of rotating ejigines, widi attached models of ina- 
chim ry which are kept in motion by them. It is highly pro- 
bable that every iritlividual instiument maker has some pecu- 
liarity in the mode of tilting up this class of apparatus. 

\\ e cIos(" this general historical sketch of all that has 
hitherto Iv <‘n accomplished in the a[>]>lica( ion of electro-mag- 
iu*li.-m as. a motive power, with the ibllowing descrijition of 
aiioliier iiigimiou.s contrivance hy AJr. Joule. 


IJesrrijdion of on. f lieriro-n}ag7ietic Engine, with ejcperi- 
inents, in a letter to the ICditor of the Annals cf Electricity, 
vVc. 

New Bailey Street, Salford, December I, 1838. 

Dear Sir, 

In \ ol. il. p. 122 of your interesting work, is a comniiini- 
catioii of mine, dos(!ribing a method of making electro-mag- 
nelic. engines, v liich I thought might l)e adopted with 
advantage, j hoped that when the engine I was then con- 
structing was finished, I should be able to send you a detailed 
account of its duty. 4'he engine was completed in the sum- 
mer : it weighs 7 \ lbs. The utmost power that 1 have suc- 
ceeded in developing, on working it with a battery of forty- 
eight four-inch plates was equal to raise 1 d lbs. a foot high, 
per minute.* 

M’lie v^y inferior power of the engine convinces me that 
the distances between its poles was much too little, and that 
the magnets should have been fewer in number, and of much 
;rcaler bulk. * 

1 was desirous, before I attempted to make another engine, 
satisfy mysidf by experiments, conducted on a smaller scale, 
how tar it was possible to increase the velocity of rotation. 
Now, of the many things which prevent an infinite velocity, 
the resistance w hich iron opposes to the instantaneous indue- 

« 

* In this estimate the enormous friction of the engine was 
accurately measured and reckoned as the load ; the velocity of the 
mo\hng magnets was about 3| feet per second. 
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tion of magnetism is of considerable importance, 1 think f 
shall be aljle to show how this may be obviated in some 
measure. 

The power of the clectro-piagnetic machine is much in- 
creased by the insertion of a bundle of*^wirt^s instead of a solitl 
nucleus of iron into its coil; this ])hcnoineiion is evidently 
occasioned by the pi'culiar texture of the wires, which allows 
Mr. Sturgeozi’s magnetic lines* to collapse with greater siul- 
denness. • 

With a view to determine to what extent the velocity of 
rotation might be increased by the use of wire magnets, I 
constructed an apparatus as represented by fig. 1 , Plate X 11 1 
where a />, c d. are the stegj magnets ; e f, brass screws 
with very minute holes in their ends to receive the fine 
points of tlze steel axle on which tlie electro-magnet 7/1 7/1 is 
fixed ; g, //, are mereiiry cups to connect the wires of the 
electro-magnet with the pieces of watch spring /»*, which 
dip in the mercury cells; //-, 7/\ are wires which connect 
these cells with thc^ battery ; the tiistance between the ])oles 
o, c, was eight inches. I had four electro-magnets, whi<‘h, 
with llieir spindles &c., could with "great expedition he put 
off or on the machine, by means ol the screws p, 

Xo. 1 electro-magnet was madt» of a round bar of iron lOOt) 
grains weight; Xo. 2 of nineteen iron wires of about inch 
diameter, weighing G42 grains : no particular pains were 
taken in annealing the iron imd wires of these magnets. Xo. 
3 and No. 4 magnets were made of iron and wire of the same 
quality and dimensions, but were annealed with very great 
care by a process in use among the manufacturers. Kach of 
the magnets w^as first enveloped with a double covering of 
muslin, and then wound in the same manner with eleven yards 
of copper wire of inch diameter, well covered with silk : 
care w^as taken to make the friction of the pivots equal in 
each. . 

Here are the results of some experiments whicTi I made 
with this apparatus. The numbers given in the table are 
revolutions per minute. 


With a single con- 
stant battery. 
With two constant 
^ batteries arranged 
for intensity. 


No. 1. No. 2. 

Hard iron. Hard wire. 

14G 177 

233 274 


No. 3. No. 4. 

Soft. iron. Soft wire. 

196 192 

283 321 


* See Mr. Sturgeon’s Theory of Magnetic Electricity , Vol. I. 
p. 231,277. 
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Ditto witli weaker 
charge. 

Mean 


19G 

192 


173 

20H 


224 209 

234 211 


'riiese experiment.^ were freqiieiltly repeated with similar 
results, and every precaution was taken to guard against error. 

I obtained much greater velocities than those given above, 
which I rejected partly because I could not count them, 
and pa^ly because the resistance the air began seriously to 
allect the results. 

Some allowance should be given to the wire magnets ; for 
while the weight of iron in them was little more than half 
that in the others, their bulk and, consequently, the resistance 
of the air remaii}ed the same. 

'J he sparks anti shocks, on breaking the battery circuit, 
wtu-c har<lly sensible in Nt). 1 ; twice as great, at least, in 
No. 2 and 3 ; in No. 2 they were a little greater than in No. 3 ; 
but by far the most brilliant and posvertlil in No. 4. 

I intend to make another engine soon, and sh^ll construct 
its magiuds of wires drawn from rectangular holes; if 1 have 
more success with it than I had with my last, you shall hear 
from iiui again. 

1 am. Dear Sir, 

Yours truly, 

• J. r. JOULE. 


LV. Upo?i Telegraphic cornmunication, especially by means 
of Galvanism. By Dr. Stkinheil, Professor of Ma- 
ihcmnf ics and J\''atural Philosophy, at the (Jniversity 
of Munich, <5^c. Sfc. 

Telegraphic communication may in its most general sense 
be defined as the method enqdoycd by one individual to ren- 
der himself intelligible to others, and being, when viewed in 
this light, synonymous with intercourse is no human discovery, 
but one of the most wonderful gifts of nature, not to man 
alone, but in common with him to all social creatures is granted 
the faculty of communicating his sensations to others, and of 
exciting in them conditions similar to his own. Communica- 
tion is the most powerful tie of the living creation ; it connects 
one individual existence with another, reproduces in one what 
is granted to all, thus forming out of individuals, species, 
which in their turn present themselves as organic beings. 

* Translated from the German by Julian Guggsworth. 
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There is assuredly nothing in nature more ralciilnted (o call 
forth our admiration than the contempiaJ ion of the variety of 
the means employed for attaining this mutual iuteliigence. 
From the undeciphered hjcroglyphic signs of insect s up to the 
complicated speech of man we observe a series of the most, 
varied possibilities of reciprocal inter<‘our<e. In man, liowover, 
this gift of nature has attained an avtonisliing d(^V!‘lo{)ment, a 
development which in the form of s’x ech and writing keeps 
pace with the march of his improvement, a development to 
which, as in the case of that improvement itself no absolute 
limits are assigned, and which equally w'ith that improveimmt 
wnll struggle against those fundamental shackles of matter, 
time and space till it extends them, fixed though they be, 
up to the unchecked ranging of mind. And as writing 
lays shackles on the passing sound and redeems it from 
fleeting time, so in like manner are the remotest d’s- 
taiiees to be annihilated and thoughts to be interchanged 
in an instant widi those afar. 'The means of accomplishing 
this do nol however lie directly within our reacii ; hut 
by the patient observance of the powers and the phenomena 
of nature we render these subservient to us and make them 
the bearers of our thoughts, and it is this task which in the 
ordinary acceptation of the word is termed tclt'graphic com- 
munication. 

In the works tliat have apfeared, connected with tliis sub- 
ject, we see that (he natural phenomena thus applicable to the 
transmission of thoughts to remote distances are l)y no means 
few in niim])er. Vs e likewise at the same time oljserve that 
the choice of the signals, r< 'present at ives of the ideas wo trans- 
mit, admits of much variety. It must, howun'or, be confessed 
that none of the proposed plans appear to amount to more 
than simple discoveries, and seem never to Imve originated in 
a leading fundamental idea of what conditions it is essential 
and indispensable to have in view. It has hitherto been con- 
sidered sufficient to add another new possible means of cor- 
responding to those already known, w'it bout examining whether 
there are not yet other methods better suited to the purpose 
and of greater simplicity. The more advisable course would 
be to establish at the outset what conditions are indispensable 
in complete telegraphic communication, and not to grapple 
with any difficulties with which the practical application of 
the scheme may be beset, for in most cases the method of 
carrying a plan into effect suggests itself to us as soon as we 
form a clear idea of what we^ave in view. Let us now make 
the attempt. 
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\\ liai wo pr<)pt)S(» to attiiiu by telegraphic communication 
is the transrnis.sit)n of ideas with the utmost rajndity at all 
times and to any distance' ; and when the distance's arc hut 
moderate tliis problem is at onge cuippletcly solved by speech, 
lienee for more eonsidemble distances nothing more is re- 
quin'd than that tlie telegraph should imitate speech. It 
apt ears to be evidi'iitly not the shortest way to make the 
telegra] h imitiite an iiiiperfecl method of communication. 
The signs tor in^iaiice made use of by flSe deaf and dumb; 
it should la' mad(' to copy the most perfect of all methods of 
etnnmuiiieal ion — sj,eecii, in w hich the sound as it falls on the 
ear of iiself arrests tin* attention, and is at once understood. 

At the first blus!^ ibis aj'pcars to a very difficult task, 
iiiiismuc li as oral commuiiicai ion lias .such diflerent sounds at 
its disposal, and is hence enai)Jed U) convey notions by means 
cjf a few com Ifti iatioiis: and tl:is difficulty no former arrange- 
ment of the telegraph has been completely able to surmount. 
1 nventors |)revious to Ciauss w’ere bent on producing a V'ast 
number of distinct signals, without rejecting that thisvwas 
only to ht' attairn d at the cost of simplicity. It escaped them 
that a rapid communication i.s to be attained by other means 
beside^ a multiplicity of signs, and that in point of fact one 
single sign, if it can be repeated with sufficient rapidity and 
cmployecl in groups properly combined, is all that we require. 
In order to exjdaiii this 1 should wush to enter upon the 
analysis of our w’ritten language. 

1 .veb'ct tli<* great Roman letters for this purpose. They 
consist of sixMillerent signs, namely, a straight line in four 
positions, liuri/.onlal, perpendicular, sloping from left to right, 
and from right to left, and lastly a semicircle turned to the 
right or left. Ofthe^e six different signs never more than 
four are met with in the same letter, as in M and Vv . Now 
if w e calulatc how^ many d.ffercnt letters may be formed out 
of these six signs, ne\ or using above four of them however in 
the same group, we find the number amounts to no few er than 
1 554 ; whereas wo re<juire but 25. We see from this ex- 
ample liow much more numerous than the^case called for has 
been the amount of signs employed in our written language. 

I^et us now" suppose that w-e have but two kinds of signs 
and see if these are not quite sufficient for a complete series 
of letters. Let the signs be as simple as possible, each a dot 
for instance, and let them be distinguished by their position, 
that is to say, by one being always on a higher line than the 
other. Now" if it was an understood thing that in each sign 
there was not to more than a single dot, it is clear there 
could he but two signs ; if two dots might be united in the 
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same sign, four more new signs would have to be added to tlie 
two above, giving in all therefore six difterent signs. Assuming 
that three dots, but no more, might be combined for one sign 
we should get eight in addition to the above, making therefore 
in all fourteen distinct signs. 8up|)osing, in fine, that four 
dots can be united for one sign would give us sixteen more 
signs, making in all therefore thirty^ a number quite enough 
for giving not on] 3 '_all the letters but the nunlerals as wt'll. 
Two signs may however *|)o dispensed with, if instead of a 
second sign a quick re})etition of single one is employed. 
Hence we see that one sign, a dot for instance, enables us to 
render writing with greater conciseness than by the use of the 
various signs we orctinarily use ; and what one dot is as the 
simplest sign for writing, one sound is for speech. l>y repeti- 
tion and hy combination wo may bj- habit for^i a language 
intelligible to the ear. 

\\ c are now therefore enabled to state the conditions which 
a telegraph of tlie sinq)lest possil)ie construction must fullil. 
It HQed communicate but a shrgle. sign }>ut must giv^c tliat 
with the utmost rapidity. If it was i)csides to be got up in 
the most convenient method this sign should he made audible. 

Det us now einjuire in succ<‘ssion to wdifit natural phenomena 
we may have recourse in order to make this single sign as w e 
have described. 

Light is only partially applicable to this purpose. Its trans- 
mission may, it is true, be considered as infinitc^ly rapid, but 
we shall never be able to make it allcct more thjrm our sight. 
Moreover owing to the straight path it takes and the spherical 
shape of the earth, there are certain limits heyond which its 
use is not applicable. A telegraph whose signals are founded 
on the use of light can tluiri'fore only eomniunicate wdth otluT 
stations wdien the attention of the obstu'vers at those stations 
is drawn to it, when the distance does not exceed a moderate 
number of miles, and when the weather is favourable. Not- 
withstanding the.se very confined limits impose<l on its use the 
telegraph as constructed hy (Jhappe has met with a favourable 
reception, and sinc§ 1793, when the first telegraphic line was 
established in France, been very generally adopted. It is 
remarkable that all the improvements proposed to be made 
. in it should be but of minor importance. Hut although the 
principal defects, c^ominon (o optical telegraphs, cannot of 
course be got over, yet it .strikes me to be capable of being 
considerably improved. I shall here confine myself to the 
following. 

The first thing rwust always be making tUfe communications 
as rapidly as possible, and there are two methocls of reducing 
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the time required lor this. It can be brought about by steno- 
grapbie contractions, in other words, by the introduction of 
nninerous signals, ljut the employment oK a fev: of which any 
idea may be rendered. The si^me qp-n be also attained by 
diminishing the time required for giving the signal, and this 
aj^pears the preferable method. All the motions of long 
levers, of which our telegraphs are composed, and of which 
in order to be seen at a distance they must always consist, 
require considerable time, in accordance with tl^e laws of 
dynamics. Ilcuice it would he well to retain the present 
inec'hanical arraiigeiiumt of the telegraph no longer. The 
proposal ol’ (biuss, to which he was led hy his experience in 
the transmission oi' signals by n>eans of the Heliotrope, appears 
to me to be capable of being ejnployed in practice without 
diflicultj * 

It is well known that a glass mirror of not above a few 
S(|uare inclu s in size appears to the naked eye like a star at 
the distance of five and twenty miles and upwards, when so 
direeted as to show an observer part of the image of the sun. 
For the time there is no sunshine, during the night, or when 
tht^ weather is cloudy for instance, recourse may .be had to 
the glare produced by directing the flame of hydro-oxygen 
gas ujion lime. The signals would consist of flashes pro- 
tlucecl by turning or covering the iniiror. This arrangement, 
a more detailed account of which in this place would detain 
us too long, would present the advantage of giving the signs 
with great rtmidity. Jt is easy to distinguish six separate 
flashes of light in a second, and wdiich on their disappearance 
leave a corresponding impression on the memory, as is the 
case with tones in rapid succession. We could therefore give 
at least thirty signs by means of flashes, while one is now 
giv<‘n by the t<4egrapb. There would further be the additional 
advantage of disjiensiiig with telescopes, and, what appears 
to be of still more importance, only the observers at the stations 
w^oiild notice anything of the signals. I do not however deny 
that these advantages are more than balanced by insurmount- 
able defects. 

If we wish to carry on telegraphic correspondence without 
the attention of those at the other stations being previously 
called, we are compelled to aflect the sense of hearing, whose 
impressions are alone constant, and which, within certain 
limits, allows us liberty of motion and permits us to occupy 

* For a detailed description of the construction and use of the 
Heliotrope of Gauss see ‘’‘■Hreitliaupts Magazin von den neuesten 
IVlatheinatischeii Jiistruinenten ” ^tes. Heft. p. 47. Cassel 1835, 



*^•14 13r. Steinhc.l , It' tuntmiu mvitt k.h 

ourselves with oihi r afthirs. 15.it in order io (n'oduce ,si';ns 
that may be audii>le ^Yithou^ diilicnlty, sonn* ])ieee ol nie- 
chaiiisin must be out in mo i'>n at the other .‘-.taiioii and nifule 
to strike on a keli or do .‘jo-neviimj^ o'f that kind. 

One would .say it luu^t i)e by no in auis an easy ta-sk to 
tran.sfer a pov.er to a. tiT. a' viidanee and eau.s*' it to pt rioriu 
there, certain lunetio: s a! our pleasuv<‘ and yet the e are 
several ])o--ai)le inethod.-? oi e'un'tinj; tii's. Sound radiant 
heat . eleei^ie {v <1 <>alvn ik“ <-urren;s, luji' , \v!«en ii')])ijed :n 
c.n*ta nwa\': i'e < mplo^ed f. r tiiis pnrpo. e, dditi jtra/iieal 
ap[dieati‘Ui hoxVt'ver oi’ er.eh oi tlie.se methods jireseiits nL.-> o\\ n 
particular ditlieuliies. ami each carries witli it its own insepa- 
rafile (kdects. sotliiit i: appea-rs advi.'-aiiie to e\ainnn‘ them 
more clo’‘el\ in (u . .er to })ronoiiiice whit h of them pr» M.eiit-- ih.e 
greatesi ad\ainau<‘s in its a]iplicalioii. 

We fii 'st conn^ to t n- orditia 'y tran.sini.'-sioii rif .sound tlirougii 
the air, to the v )i'e streng“themtd as it were hy means of 
speaking- (rumpeis. H tt tJiis manner of giving signal.s can 
only he employ'd with e.lect wlnm tln^ distances are hut 
trilling. The lioatsw ain's wliistle, the signal horn, and tint 
alarm hell,^are ail .similar methods, answering their parlii'nlar 
purposes hut inappiieahle to lei, •graphic communication at 
considcrahl<‘ disl iiees, inasmuch as any consideruhie incica.se 
of a sound would he lo^annoying to the immediate neigh- 
bourhood, hut princi[)ally because the trausmi.s.sion of sound 
through the air. at the rate of about I14‘-ii loot in a second, is 
not rapid enough. 1 he eas(* is dilFerent in the Iransinissioii 
of sound through water. Here the rapidity is nearly four 
times as gr. at, and forms at iea'^t. no longer an insujierahle 
obstacle. ddie expevinieuls wiiich j>eaudent in.stituted at 
Marseilles and the more recent invy'.'-tigation.s of C«>llcidori 
and Sturm at the i.akeof (hncna* pul it heyc)nd a doubt 
that one can transmit audihk* tones through water to a dis- 
tance of many miles, d'he nature of the traiisiiiis.^ion of the 
tone is howev. r of such a kind that od 4' not only hears it hut 
is akso enabled to render it visible as a molecular motion hy 
means of a particular apparatus, the lever of contact. ( lon- 
sequently in place of the troublesome method of hearing under 
water a plan may he contrived which hy the tremhliiig motion 
of the particles of water sliall repeat tlmt motion on a larger 
scale, thus phu iiig the mechanical power we require for pro- 
ducing a sound dinu-tly within our reach. In this way of 
carrying on corre.^pondence, and which we merely notice here 

* Aim. cle ( liiinie et Pliys. XXXV. 113, Gilbert’s Annalon, 
LXXXVill. 39. 
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in passing, it appears not unimportant when compared with 
telegraphs founded on optical principles, that the communi- 
cations may be made under all circumstances. Consequently 
sliould it be established that sounds are transmitted through 
the plane surfaces of the water we^iave all around us, of which 
there is hardly a doubt, and if the employment of this method 
miglit therefore be gemnaily applicable, the subject will merit 
a more coinph'ie investigation, tlie more so from its not re- 
quiring ail} particular coiuluetor^ for the transmission of the 
sound, and from the circumstance of no interruption of the 
signals being to he anticipated. 

Anotlier possible method of bringing about transient move- 
ments at gieat distances without any intervening artificial 
conductor is furnished by radiant heat when directed liy means 
of condensing mirrors upon a thermo-electric pile. K gal- 
vanic canTcnt is called into j)lay which in its turn is employed 
to produce declinations of a magnetic needle. The difficulties 
attending the construction of such an instrument though cer- 
tainly considerable are not in themselves insuperable. Such 
a tedegraph however would only have this advantage over 
those liascui on optical principles, namely, that it does not 
require the constant attcmtioii of the observer. But like the 
optical one it would cease to act during cloudy weather, and 
lieiico [)artak(‘s of the intrinsic defects of that instrument; this 
method tho^refore is not probably able to stand a comparison 
with others. 

The three principles of telegraphic intercourse here brought 
forward, namely, light, radiant heat, and the propagation of 
sound, have this in common, they do not require that there 
should he a direct connexion between the two stations. The 
air, w ater, and the ground, form the natural conductors of the 
conditions excited or rendered available, and which .serve for 
making the communications. In this essential circumstance 
they differ advantageously from other feasible plans which we 
will now ])roccod to consider at some length. The velocity 
with whicli frictional electricity is transmitted along metallic 
conductors called forth as long ago as in the last century the 
idea of employing it for telegraphic comnilmi cations. Winkler* 
at Leipsic in the year 1746 discharged several Leyden jars 
through a wire of considerable length, and on that occasion 
the river Pleiss formed a part of his circuit. Le Monnier in 
Parisf produced shocks through a length of wire amounting 


* Priestley’s History of Electricity, p. 69. 

+ I^liil. IVaiis. Vol. XLTV. p. 1, 290. 

VoL. III.— No. 17, 1839. 2B 
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to 12789 feet. Watson* ex!endc<l the experinitMil over a 
space of four miles near Shooter’s Hill, composing his circuit 
of two miles of wire and an equal distance of dry ground. 
Lomondf transmitted telegraphic signals to a neighi)Ouriiig 
room by means of a pith ball electrometer acted upon by I’ric- 
tional electricity. Reiser^ illuminated, by the electric spark, 
letters, formed upon plates of glass with strips of tin foil. 
Gauss§ makes mention of a communication from Murnboldt 
according to which Betancourt in I79S established a commu- 
nication between Madrid and Aranjuez. a distance of 2(> miles 
by means of a wire through which a Leyden jar used to be 
discharged which w^as intended to be used as a telegraphic 
signal. 

All these experiments put it beyond a doubt that fictional 
electricity may be employed for giving signals at any distance's, 
and that when these signals are properly contrived they oiler 
convenient means of telegraphic intercourse. 

Frictional electricity has besides, as Gauss has already ob- 
served, the great advantage of not losing any of its force by 
increasing the length of the conducting wire, inasmuch as the 
whole of the electricity of one coating of the jar must traverse 
the entire length of the wire, be it what it may, to m3utralize 
that of the other coating. 

The experiments which Wheatstone instituted with a mir- 
ror in rapid motion to ascertain the rate at whic h lh<3 electric 
spark is transmitted through copper conductors, show that it 
travels with a velocity of 288,000 miles in a second, jj a velo- 
city exceeding that of the light of Jupiter’s Satellit«s.^ Using 
this as a standard, all distances upon our globe are done aw^ay 
with, and we accordingly see in electricity the iiistanlaneous 
messenger of thought for all distances and in every circum- 
stance, IS evertheless the practical execution of a telegraph 
founded on this principle presents some diflicidty. Francis 
Ronalds constructed one at Hammersmith in ISKJ, and pub- 
lished a description of the instrument in 1823. In his 
arrangement there were clocks which kept lime employed at 
the stations and which were furnished with a light disc of 
ciphers in place of hawids, and having twenty different signs 
towards their circumference. At the moment the proper sign 

Phil. Trans. Vol. XLV. for 1748. 

+ Young’s JVavels in France, 1784, Vol. I. p. 79. 

J Voigt's Magazin, Vol. IX. Part 1. 

§ Gauss and Weber Resultate d. Mag. Verieus, Vol. II. p. 14. 

II Phil. Trans. 1834, p. 595. 

f 192,500 miles in a second, Brewster’s Optics, p. 2. 
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passes before the index the spark is dischargeil with an elec- 
trometer upon wJiich the same sign is rendered visible on the 
clock at the other station. I’hc disadvantage of being obliged 
to wait every time between each sign one gives till the disc 
has completed an entil e revoiuf ioi* of course renders the plan 
impracticable. 'I'lie old proposal of Cavallo* to employ the 
passage of the spark for a signal, would, when properly mo- 
ditiial, be more applicable. It would be necessary, so that 
the signals may succeed each other with the utmost rapidity, 
and the airangements be as simpfe as possible, that we should 
content ourselves with the discharging spark of a small coated 
plate. The sound whieh is always heard on the passage of 
the spark wln re there is a break in the chain would serve as 
an uncHjuivocal signal, directly affecting the sense of hearing 
as already laid down by us in our general remarks upon con- 
venient telegraphic intercourse. An electrical machine of 
moderate dinumsions would continually furnish fresh charges 
at short intervals. It would not however be so easy to get 
over the dilHcultics attendant 011 the changes in electric ex- 
citation and the various hygrometric states of the atmosphere. 
Jlut these difficulties are not insurmountable, and it is as yet 
by no means (Certain but what this plan, if followed up by a 
thorough knowltnlge of the subject, might not from its sim- 
plicity be brouglit into competition with any other principle, 
and this the more if due use is made of the important principle 
dis(H)vercd as wc have said by Winkler. 

Of late years however w e have become acquainted with a 
peculiar modification of electricity, which, affecting as it does 
with a reciprocal action several of the other powers of nature 
in a wonderful manner, even at first sight presents essential 
advantages for its application to the problem of telegraphic 
intercourse liy means of electricity. We allude to the power 
of galvanism. 

As long ago as in 1807 Sommering erected in the apart- 
ments of the Academy of Sciences at Munich a galvanic 
telegraph, of which he has pi Wished a detailed description in 
the Philosophical Transactions of Bavaria. t He employed 
the energy of a pow erful voltaic pile to bring about the decom- 
position of water by means of thirty-five gold pins immersed 
in an oblong glass trough, each of these pins being marked 
with a letter or iiumhev, and admitting of connexion with the 
pile by an isolated wire. 'J'hc ascension of the air bubbles of 

* Cavallo’s Treatise on Electricity. 

+ Miinebner Denkschr. d. K. Akad. d. W. fur 1809, 1810. 
Math. phys. Classe j>. 401 . 
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the water decomposed was to servo ns the telegraphic signal. 
It should be borne in mind that our knowledge of the ellects 
of the galvanic pile was at that period but very limited. The 
discoveries of Oerstedt in 1819 from which w e learnt that a 
magnetized needle can be deilected by a galvanic current, have 
opened a fresh field for the application of this power to tele- 
graphic intercourse. 1 iidor this head may be comprised the 
hints for a galvanic telegraph throw n out by b'cehner in his 
Manual of Galvanism,* * * § and Amperes scheme of an electro- 
magnetic telegraph which has been execided on a small scale 
by the late Professor Ritchie. f In this jdaii however Am- 
pere departs so totally from the desirable princijdc of simplicity 
that upwards of sixty metallic connexions would be re(piired 
for his telegraph. The arrangenient which Da\}thas pro- 
posed, in which illuminated letters are shown by the removal 
of screens placed in front of them, appears also to be far too 
complicated. The experiments instituted by Schilling^ by 
the deflection of a single magnetic needle seem much better 
contrived, he did not however succeed in surmounting the 
mechanical difficulties that attend the question in this shape. 
The subsequent discovery of Faraday, according to which the 
generation of galvanic cuirents is reduced to the mere motion 
of multipliers placed near fixed magmds has very materially 
simplified the problem, inasmuch as the voltaic pile l)ec<jmcs 
thereby no longer necessary. 

To Gauss and Weber jj is due the merit of having in 1833 
actually constructed the first simjjlifled galvano-magnet ic 
telegraph. It was Gauss wdio first employed the excitement 
of induction, and who demonstrated that the appropriate l om- 
bination of a limited number of signs is all that is requirfjd for 
the transmission of communications. Weber’s discovery that 
a copper wire 7400 feet long which he had led across the 
houses and steeples at <4ottingea from the observatory to the 
cabinet of Natural Philosophy required no especial insulation 
was one of great importance. The principle was thereby at 
once established of bringing the galvanic telegraph to the 
most convenient form. All that was required was an apj^ro- 
priate method of inducing or exciting the current with the 

* Lehrbuch des Galvanismus 1829, p. 269. 

+ Froriep’s Not. Vol. X-XVII. No. 6. p. 86. 

J Mechanics’ Mag. No. 754, p.261 ; No. 756, p, 296; No. 758, 
p. 327. 

§ Allgemeine Bauzeitung 1837, No. 52. p. 240. 

11 Gott. gel. Anz. 1834, p. 1273, and Schumacher’s Jahrbuch, 
1837, p. 38. 
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power of changing its direction without having recourse to any 
special contrivances for that purpose. In accordance with 
the principles we have laid down, all that w as required in 
addition to this was to render tin? signals audible, a task that 
apparently presented no very particular dilliciilty^ inasmuch 
as in the very scheme itself a mechanical motion, namely, the 
d. ‘Section of a magnetic bar, was given. All that we had to 
do thendbre w^as to contrive that tliis motion should be made 
available for striking bells or for making indelible dots. I’his 
falls within the province of mechanics, and there are therefore 
more ways than one of solving the problem. Hence the 
alterations that I have made in the telegraph of Gauss and 
by whicli it has assumed its present form may be said to be 
founded on my perception and improvement of its imperfec- 
tions, in harmony wdth what I had previously laid down as 
necessary for perfect telegraphic communication. I by no 
means how^ever look on the arrangement I have selected as 
comj)lcte; but as it answers the purpose I had in view, and 
it may be well to abide by it till some simpler arrangement is 
contrived. 

As an indmdor or exciter 1 employ a rotating apparatus 
whose construction, speaking in a general way, is similar to 
those of Clarke, of London, the multipliers of which however 
my inductor is composed, consist of a vast number of turns of 
fine insulated copper w ire ; and this arrangement is necessary 
in order that the resistance offered by the thicker wire com- 
pleting the circuit, even should it be many miles long, may 
be hut little increased. Of the galvanic influence excited 
during the entire half-turn of the rotating double multiplier 
only a small portion is employed, and that when it is at the 
niaxiiiiuni of its energy. By this means the duration of the 
current is but very short, an arrangement which therefore in 
a manner (’an cause merely a momentary deflection of the 
iiUle iiiaguetic bars employed for giving the signals. In order 
to height (m the action of these indicators as much as possible 
they arc surrounded by pow^erful multipliers. Small detached 
magnets arc so placed near these indicators that they arc 
thereby brought back to their original position immediately 
that the induced current ceases, or in other words, as soon as 
the deflection has taken place : we thus are enabled to repeat 
signals in very rapid succession. The same indicator can be 
brought with ease to make five deflections in a second, suc- 
ceeding each other as fast as the sounds of a repeater when 
striking. Hence if bells are placed at the proper striking 
distance from these indicators they will ring at every deflection 
produced, and as it is quite immaterial at what part of the 



450 Dr. Sleiiiheil, upoTi Telegraphic communication 

wire, completing the circuit, the multiplier containing tlio 
indicator is inserted, have it in our power to produce the 
si^j-n excited by induction at any part of the course the wire 
takes. Should it be desirfed that the indicator instead of 
producing sounds should wn'ite, it is merely rcquiretl lo adapt 
to one end of the little magnetic bar a small vessel filled witii 
a black colour, and terminating in a capillary tube. 'J his 
tube, instead of striking on a bell, thus makes a black spot 
upon some flat surface held m front of it. If these spols are 
to compose writing, the surface upon w’hich they are })riiited 
must keep moving on in front of the indicator with a uniform 
velocity, and this is easily' brought about by means of an end- 
less strip of piapcr w’hich is rolled olf one cylinder on to another 
by clockwork. This is in a general way the construction 
followed in the telegraj>h erected here, a fuller account of 
w'hich now w'ould be out of place, as it may he found on 
referring to the appendix. As far as the emi)loynuuit of llu^ 
telegraph is concerned, it may he fairly said to p>erfor]n all that 
can be reasonably required of it. The excitation of the cur- 
rent is produced by half a turn of the inductor, and is ( (jiially 
available at all times. The sounds of the bells close to the 
person making the signals, and w'hich being pmxluced at t))e 
other station too are also audible tlune. become, by prrietic<‘, 
intelligible as a language. Should tlu*} howev(?r be oMu licard 
or misunderstood, the cominunicaiion pri‘sents itsidf simul- 
taneously written dowuj. This can be done witli closed (f jors, 
without any but the parties concermal being avvari^ of it: the 
communications maybe made at any distances, and either by 
day or night without any appreciable loss of time. There is, 
therefore, cv€‘ry reason to be content with the performance of 
the instrument. 

It is not however to be denied that the establishment of 
certain conditions indispensable to its action is nevertheless a 
matter of some difficulty. We allude to the connecting wire 
joining the stations. 

It has been stated above that Ampth'e required more than 
sixty such wdres, whereas thirty or so were sufficient for 
Somm^ing. Wheatstone and Cpokc* reduced their number 
to five ; Gauss and, probably in imitation of him. Schilling, as 
likewise Morsef in New York, made use of hut a single wire 
running to the distant station and back. One might imagine 
that this part of the arrangement could not he further sim- 

^ Ta France indnstrielle, 1838, April 5, p. 3. 

+ Mecliariics’ Magazine, No, 757, p. 3.32. Silliinaii’.s .Journal 
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plifu'.cl, such however is hy no means tlie case. 1 have found 
tl Jilt even the half of this length of \Mre may be dispensed 
wiih, and that with ceitain precautions its place is supplied by 
tlni gjound itself. We knyw ii^ theory that the conducting 
powers of the ground and of w'alcr are very small compared 
• will) tliat of llie inelais, es])ecialiy copper, it seems however 
to base bt'cii pr<'vious]y overlooked that we have it within our 
H'ach to mak(^ a periot^tly good eonductor out of water or any 
other ol th(‘ so ca'Jed semi-conductors. All that is required 
is tluit the surface that its section presents should be as much 
great(?r than that of the metal as its conducting power is less, 
in tliat cax! the r(‘sistance offered hy the semi-conductor will 
<‘(jual that of the perfect -cofiductor ; and as we can make 
conductors of tin* ground of any size we please simply by 
adapting to llie ends of the wires plates presenting a sufficient 
surface of contact, it is evident that we can diminish the 
resistance otlerod hy the ground or by water to any extent we 
like. W e can inde(*d so r(‘duce this resistance as to make it 
(juite inst'iisihle w'hen compared to that offered by the metal- 
lic circuit, so that not only is half the wire spared but even 
the n'sistance that such a circuit would present is diminished 
hy on(i half. This fact, the importance of which in the 
erection of galvanic telegraphs speaks for itself, furnishes ns 
with another additional feature in wdiich galvanism resembles 
elect ricity. The experiments of Winkler, at Leipzig, had 
ah'i'atly .shown us that with frictional electricity the ground 
may rci)lace a portion of the discharging wire. The same is 
now know*! to hold good with respect to galvanic currents. 

'i'he eiKjuiry into the laws of di.spersion according to which 
the ground, whose mass is unlimited, is acted upon hy the 
|)a.ssage of the galvanic current, appeared to be a subject 
replete wuth interest. The galvanic excitation cannot he con- 
fint'd to the portions of earth situated between the two ends 
of the wire; on the contrary it cannot but extend itself inde- 
finitely, and it became therefore now only dependant on the 
law that obtained the excitation of the ground and the distance 
of the exciting terminations of the wire whether it was neces- 
sary or not to have any metallic communication at all for 
carrying on telegraphic intercourse. • 

I can here only state in a general way that I have succeeded 
in deducing this law exiierimentally from the phenomena it 
presents: and that the result of the investigation is, that the 
excitation diminishes rapidly as the distance between the ter- 
minal wires increases. 1 .' 

An apparatus can, it is true, he constructed m whi^ the 
inductor, having no metallic connexion whatever with the 
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multiplier, by nothing more than the excitation transinitied 
through the ground, shall produce galvanic currents in that 
multiplier sufficient to cause a visible deflection ot' the bar. 
'I'his is a hitherto unobservejl fac|:, and may be classt^d upon 
the most extraordinary phenomena that science has revofiled 
to us. It only holds good, however, for small distances. It 
must be left to the future to decide whether we shall ever suc- 
ceed in telegraphing at great distances without any metallic 
conimunication at all. My •experiments prove that such a 
thing is possible up to distances of 50 feet. For distant sta- 
tions we can only conceive it feasible by augmenting the power 
of the galvanic induction, or by appropriate multipliers con- 
structed for the purpose or, in conclusion, by increasing the 
surface of contact presented by the rmds of the multiplier. 
At all events the phenomenon merits our best attention, and 
its influence will not perhaps be altogether overlooked in tluj 
theoretic views w'e may form with regard to galvanism itself. 

To sum up in a few words what are the results of wduit we 
have here brought forwartl resf)ecting telegra}>hic communica- 
tions, we see that, with tlie })resent airangement of the 
apparatus, no principle can be brought into coin])etition witli 
the galvanic telegraph, but that tlie establishing the motailic 
connexion indispensable to its action, although now nuiterially 
simplifle<l, still presents great difficulties in praetic'(‘. Indeed 
such a connexion is only practicable where it can he coiislantiy 
watched, as, for instance, in the \iciiii(y of railioads. 

For very considerable distances without intcrincdiate sta- 
tions, galvanic or electric excitation n-ust, on iiccount of 
their rapidity, be always the best power to liave recourse to. 
For lesser distances it }et remains open to enquiry whether, 
with proper modifications, some of the other methods we 
have point cxl out would not be preferable, as they dispense 
with a metallic connexion. 

f To be continiie.iL tcith two large illmtrath e plates^ in 
the next A 'vmber.J 

LVI Svmrnary of new researches on the liber atioji of 

heat fjirov gh friction. By M. Becquerel, President of 

V Academic des Sciences for the year 1838.^ 

Bodies are considered as formed by the connexion of an 
infinity of molecules or atoms surrounded by heat which is 
opposed to their immediate contact abstraction made by 

* Translated by J, H. Lang, from the t omptes Rendus &c.j 
No. 7, 1838. 
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oxers tlicorolioal idea oi> its nature. When its quality 
increases or (liininislics, the distance between the molecules 
becomes greater or less, and the size of the body experiences 

corr«.’*'P'>ndin‘< variations. • • i > i. i 

It is also admitted that these same molecules are subjected 
to an utiractive force which tends to bring them nearer each 
odi. r, and whi( b is, consequently, opposed to the repulsive 
action of tbe heat. A third force is also introduced in the 
constitution of bodies, viz., the attraction of each n‘olecule 
for the h.-at which surrounds the neighbouring molecules. 
'I'lie collective force prevailing over the two others, the body 
remains solid ; if the heat increase, the molecules will at 
cmrth acquire a certain motion, and the body becomes 
limdd. Finally, if the quantity of heat become sulbcien ly 
oreal the bodv assumes the gaseous form. The molecules 
r.f th; bodv b.Fig kept at greater or less distances m pro- 
portion to "the reciprocal action of the beat, and attractive 
■„,oc. they must he separated by interstitial .spaces in which 
he phenon.enaof light, heat, aflinity . and molecular attraction 
opelate. 1 lence, if is in these spac es that the imponderable 
alents contend with the material principles of the body. 

"Meat should in this have the principal place, tor, according 
its int.msity and mode of action, it produces light and e ec- 
tri. itv, and .sets in motion chemical aflimtics. Hence, it s 
m klent we cannot too deeply study the properties of tins 
agent, in its relations to the particles of bodies, if we wish to 
discover its immediate influence in every thing which 
concerns the* natural phenomena of the most elevated order. 
These considerations suggested the idea of a senes of expeii- 
mental researches, which have produced some new results of 
which I shall endeavour to give a sketch without, as much as 
will l)c in my power, entering upon the technical details, 
which would be difficult to comprehend in a rapid lecture. 

Let us take a body that is in equilibrio of tempera ure w th 
the surrounding medium. If by any means we distuib t us 
K^y, so as to inakc its molecules lose their natiira position 
of etilibrium, it is very evident all the imponderable agents 
which are in the intermolecular spaces will be set in mirtio . 
whence there results a number of phenomena that the philo- 
sonher tries to analyze by the assistant of means 
science places at his disposal. We shall first dwell upon the 
effects of heat when friction is the mode of disturbance 

‘’‘"’^^know that when two bodies are rubbed »°f 

and electricity are disengaged ; are or are not these two 

effects, which are concomitant, dependant on each other. 
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We will answer this hereafter ; for the present let us consider 
the effects of heat. 

All we know of the production of heat by tlie mutual friction 
of two bodies is reduced to*this: the two bodies hecfoiue 
heated, and the quantity emitted is soinedines so ^roat that 
it is sufficient to inflame combiistihle l>(>djcs. d’hus it is that 
a wheel, turning rapidly on its a\l(\ takes fire, and that the 
savage, with an adtlress and dexterity whic h we do not pos- 
sess, is able to light two pieces oi dry wood by rubbing them 
briskly together. 

Kvery thing leads to the belief that the effects produced 
are due to the motion of vi!)ration, impressed by vibration on 
the molecules, which the following facts tend to prove. 

When an alloy, com])osedof one part iron and two antimony, 
is subjected to the file, it immediately throws off bright 
sparks, which shows that the temperature is raised v.veM to a 
state of white heat. The blow of the steel on a flint produces 
a similar effect. 

M. De liumford* in boring a cannon, placed vertically, 
obtained sufficient heal to boil water, placed in a convcnituitly 
situated cavity. Tliis is almost all we know of the liberation 
of heat by friction : heuce, we are totally ignorant what part 
each body takes in the production of this phenomenon, as 
regards its nature and the state of its surface. 

To determine how each body intervenes, we must he able 
to remove the causes which hide the etlecl we have in view ; 
unfortunately we cannot eflect this thoroughly. In fact, when 
we rub two bodies more or less briskly together, without caus - 
ing the contact to cease, there is evidently a transmission of 
beat from the one to the other. The quantity tninsinitted 
by each of them depends on the conduciibility of the body, 
its capacity for heat, and the state of its surface. On the 
other hand, the heat liberated in a body cannot be im- 
mediately tried, previous to its transmission to the other body, 
by ordinary thermometers, since their indications are not 
instantaneous. However, it is possible to operate under 
circumstances wffiich permit the removal of several of the 
difficulties mentioned above : we are then led to a series of 
facts of which we are about to speak. 

The apparatus intended for the observation of these facts 
is composed of a thermo-electric pile, in connexion with an 
excellent multiplier. Its sensibility is such, that the difference 
of about v of a degree between the temperature of the two 
faces of the pile, will cause the magnetic needle to deviate so 
that the angle may be appreciable. 

* Count Rum ford. Edit. 
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To red' ro the qiieslion to ihe nio-st simple expression possi- 
ble, we took boilies ol’th(‘ same nature, bad eonductors ol heat, 
<M{u:d ill all their dimensions and diliering only in the state of 
th<‘ir surbuM'S. TheS(' liodies were ^•onvenit'nlly fixed to glass 
stands, 'idle ridihed suiTaees w( re each ])laeed in contact 
wiih one ol tlie faces of the pile; when these two surfaces 
liave tiie same l<‘mperature, the magnetic needle remains 
steady while the two th<‘rmo-electric currents being equal, 
and having contrary directions, destroy one another. But 
when the t cm])eratnres are not the same, the magnetic needle 
immediately deviates, and the angle of deviation measures 
the dilfma nee of temperature. Idie friction is produced with 
a l)ri>knessand pressure regulated by convenient apparatus, so 
that its intensiiy may b(‘ always known: the two bodies are 
quickly sepai aUHl ficjin each other, and immediately sulijccted 
to (‘xperiment. 

Tln re are tlie means of experimen(ali/ing; let us rmw 
jKiss on to the laesults. 

^^'e eoinmeneed hy trying the elleet produced on the inag- 
n(*tic nei'dle hy the contact of one ol the rubbed surfaces with 
on<‘ ol' the faces of the pile ; an ellect due to this face being 
lieated. 

hixpi'vimont proves that whatever nmy be the nature of 
th<^ disc ruldu'd. he it a conductor or not of heat, the time the 
neeilh* takes to attain its maximum deviation, provided this 
deviation do not exceed (it)', is always 10." For deviations 
from ()0 to JO isO*/", and 0' for dc'vialions from 75" to 90‘'. 

The magnetic needle here acts as a pendulum which 
oscillates under the action of weight among small amplitudes, 
since the deviations are isochronic ; but, nevertheless, with 
this difference, that in the pendulum, when the amplitude of 
oscillation increases beyond a certain limit, the time of oscil- 
lation increases equally, while ihe contrary takes place in the 
experiments we have described, viz., that the time diminishes 
in proportion as the amplitude increases from 60^ to 92"". 
I'his result is bound to the propagation of heat and electricily 
in bodies. , 

We will now take two bodies of the same nature, equal and 
disposed, as before. For example, two discs of cork, of which 
one has a smooth, the other a rough surface. If we rub 
them together in a regular and determined manner, and pre- 
sent them simultaneously to the two faces of the thermo-elec- 
tric pile, the magnetic needle is immediately deviated, and 
the direction of the deviation indicates that the disc with 
the rough surface has taken more heat than the other, and 
that in a proportion which varies with the rai)idity of the 



456 M. Becquerel, on the liberation of heal through friction. 

friction. The same is the result when we ruh a piece of 
polished against an unpolished piece of glass. Under the 
circumstances which we have operated, the first has taken 
half as little heat as the»‘seccrtid. Hence, wt^ see that the 
absorbing power of bodies influences ilie liberation of heat 
by friction : however, this rule is not general, for white satin 
takes more heat than black wliich has a greater absorbing 
power. 

If we submit to experiinent, bodies of a dilVerent nature, w^e 
obtain the following results: 1st, polished glass and cork; 
the first takes more heat than the second in the projiortioii of 
34 to 5. 2d, unpolished glass and cork ; the relation of 

temperature is 40 to 7. 3d, Tsilver and cork ; the first is 
heated above the second in the proportion of 50 to 12. 
4th, caoutchouc and <‘ork ; the temperature of the first is to 
that of the second as 29 to 1 1, and so on. 

From the numerous results we have obtained by the friction 
of bodies of different natures, we have not yet b«‘en able to 
draw from them any simple laws, considering the diflercnt 
causes which concur to the general (dfect. ft only appears 
that the nature of the body, and the abstraction made by the 
conduct ibility, excercise an influence which the state of the 
surface does not alw'ays destroy. 

We have not hitherto been able to discover the true causes 
of this influence, which depends on the nature of the bodies, 
and probably on the arrangement of their molecules; but 
it is even much to have distinguished it by expeivmeiit, since 
it gives us an element more than the tli<‘ory of heat will be 
able to take henceforth in consideration. If w e now' seek for 
the relation which <*xists between the production of heat and 
that of electricity, by the mutual friction of two bodies, the 
following are the consequences deduced from recent experi- 
ments ; the displacement of the parts of the surfaces rul)!)ed, 
always causes a liberation of heat and electricity, tw'o effects 
which are in a reciprocal dependence ; this dependence is as 
yet so hidden that it is impossible to affirm whether one pre- 
cedes the other, and^z'zcc re?'sd ,• at present we can only make 
conjectures on head; conjectures which tend to show that heat 
proceeds from electricity^ when the bodies are of the same 
nature, bad conductors of heat, and differing only in the state 
of their surfaces ; that which is heated the most takes the 
negative electricity, and 7?ice versa. When the bodies are 
different the effects become very complex, and can only be 
understood by having the results before our eyes. 

New facts permit us to extei^ to light, the relations 
discovered between heat and electricity : they are furnished 
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i 1 „ ,^l,f.rpscence We know that this phenomena is niani- 
Sst\ d wt ev X particles of bodies, which are had con- 
d ;r>rof electrici^ disturbed by percussion, triction, 

due ors < I y j even when they are decom- 

heat, light, Them are precisely the causes 

posed by a < ” “'Y j ‘ j jeitv- hutthephenomenonheingmole- 

„„1„, .p.a., "kioi. 

molecules, la faint li<4it similar to phosphorescence; 

whmK-rwrmaTconclu.le that phostdiorescencc has an electric 

"”\Ve were ienoraut from whence the phosphorescence in 
1 iinDYi c- iind^lnfusoircs proceeded, and whether it also wml 

‘in electric -gin i -- >7,t:kllful‘ph^^^^^^ 
Ehrcidierg haietSho« n ^ attention, the light emitted in a 

]Ust Siudit (1, M I . 1 Annelides, which render the sea 

dark iml especially when a light 

luminous in ter • . j-javiug placed some water, con- 

hrec/e aplates its suih ^ obitlliWable of his microscope, 

tciining these auinudculoD, to^fiiid the faint light which 

he was very much ^eat inany small 

surrounded t hem was of their bodies, and 

sparkp "7 bodies of the Annelides. These sparks, which 
fhielly Ironi YYv with irreat rapidity, had such a resem- 

succeeded one “'“^Y-L^rve ‘’"n eleHric discharges, that M. 
blaiice to those we , ®‘Jablishing their identity 

‘' qhthiif He“l alio certain that the light emitted is not 
With them. ^ocretion hut to a spontaneous act of 

line to any Pf ‘nuto as often as we irritate it, 

the animalcule, ami i j^al nieans, viz., by agitating 
either by amd or alcdiol therein." This 

die ''YSig to the torpedo which only gives its 

IS hrilated. In the ammalculai, as in the 

discharge nin e recommences after a certain interval 

torpedo, the disci conclude from this similitude of 

ol repose. May wc that there is an identity 

ctfects, w^kYow 'beyond a doubt that this cause in 

111 the causes ? VV e kr J therefore admit that this 

the “’’■P^’Yesthe phosphorescence of Infusoires and Annelides. 
ft^rly "e-M that luminous or oth- f " 

which depend upon ®^®^'‘“Yfelrs“thaTthirprofusion of electric 
animals are smaller. PI inferior order, is destined 
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May we not after this conclude, as M. Her/.elius and other 
philosophers have advanced, that the light emitted in com- 
bustion, which gives place to so great a liberation of electricity, 
also results from the discharge of an infinite iminber of sinail 
sparks produced by the combination of the combustible burn- 
ing bodies. 

Hence wc see that the relations which connect light, lieat, 
and electri<nty, are every day extejuling and convincing us 
that th(?se three agents which pre&ide over the constilutioii of 
molecular bodies, proceed,* by all appearances, from one prin- 
ciple of ethereal nature, spread over space and all bodies. 


LVIT. Organic Chenttstry, - JS*ote on the Forniomcthjjh.tl. 

By M. Mai.agI'Ti.* 

The foriiiomethylal, discovered by M. (iregory, is a body 
of great importance, for it is connected, by its composilioii, 
wdth one of the most creditable theories of the a^tliers, giving 
it one of the strongest arguments. 

The formoniethylal is considered as a formiate of tribasic 
inythylic aether, analogous to the acetal which is also con- 
sidi^red as an acetate of trebasic sulphuri(r mther. 

In order to see if the forinonuUhylal had tlic constitution 
which was attributed to it, J decomposed an atom of it in the 
expectation of obtaining an atom of the formicr acid ; hut I 
only obtained half an atom of pyroligneous spirit, and also a 
particular body endowed with several ttliifracters which, for 
want of a profound examinatioji, might be confounded with 
the formomethylal from which it is derived. 

4 he composition of this new body which I call molhylal, is 
exactly represented by (.1* ' H' ^ 0% and the density of its 
vapour is 2.G or 4 volinnes, while the formula of the formo- 
methylal is C ’ 11 ^ •' and the density of its vapour is 2.4 

or 0 volumes. 

W e see by subtracting the formula of the melhylal from 
that of the formomethylal, there remains half an atom of for- 
miatc of methylene. 

C ‘ “ H ‘* ~ formomethylal. 

(J ’ H ’ zz: racihylal. 

H"* O* zzr ^ atom formiate of methylene. 
The methylal is limpid, has the same smell as the formome- 
thylal, and requires about three volumes of water to dissolve 

* Tr^mslatcd by J. II. Lang, from the Coinptes Rendiis &c., 
No. 9, 1838. # 
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it; potassa separates it from its aqueous solution. It is 
soluble in alcohol, and at -f 42 deg. c., under the pressure of 
0.761 inilliin. Water being 1 it weighs 0.s,551 at 4- 17 deg. c. 

Notwithstanding the striking relation between the methylal 
and formoinethylal, notwithstanding the density of this latter 
body, wdii(th sanction, if 1 may so speak, this relationship so 
evident and so simple, the formomtHhylal is only a mixture of 
the methylal and formiate of methylene. 

If we distil some formomethylal, whose composition has 
been verilied by very (‘areful analysis, and divide the product 
of the distillation into fractions, we shall hiid that each frac- 
tion no longer prt‘sents the same composition. 

I'he formonuhhylal wdiich I have used in my experiments 
has given ]>y analysis numbers which are confounded with 
those of (jalculation. On analyzing the first product of its 
distillation, 1 found in it 2.op. 100 less carbon ; and on the con- 
trary, 1 found l.lp. loo more on analyzing the last product. 
.\s regards the nature of the methylal, my experiments are 
not sudiciently advanced to be able to decide, but I can say 
with certainty that the methylal, that by the action of certain 
oxidizing bodies, is converted into formic acid. 

I cannot say whether pyroligneous spirits be formed at the 
same time or not, as my method of experimenting prevents me 
from insulating or even recognizing this body. 

Hut wdiatever may be the nature of the methylal, it is as 
true as in formomethylal, far from being a tribasic eether as 
it has been supposed, it is only a mixture of formiate of methy- 
lene, and a substaifee which cannot be compared to the com- 
pound a; tilers. 

As soon as I have completed the researches I have under- 
taken on the nature of the acetal, I shall have the honour of 
sulnnitting to the judgment of the Academy, not only the 
results relative to this latter body, but also the whole of the 
details, an abridgment of which I am now permitted to pre- 
sent. 


Organic Chemistry, JVote on the prodycts obtained by M. 

Masson from causing chloride of zhic to act on alcohol. 

M. Masson, an old pupil of the Normal School, and pro- 
fessor at Caen, had addressed to the Academy a memoir on 
the formation of aether which results from the action of 
chlorure of zinc on alcohol. He has just completed this work 
by some analyses of the products that he had obtained; made 
at the request and in the laboratory of M. Dumas, one of the 
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commissioners appointed to examine the first part of these 
researches. 

M. Masson by distilling chloride of zinc with alcohol at 
about 160“, obtained an oil, the production of which did not 
cease until 200"". He oomp£fred it with sweet oil of wine, 
remarking ( hat it could be separated into two parts of unequal 
volatility. 

From another examination to which the ai\jbhor submitted 
these two products, the result was, says M. Dumas, that tlie 
least volatile ceases at about 300 , when it has lost all foreign 
matter. This product possesses all the characteristics of 
light sweet oil. Its analysis gave 

Hydrogen 12.K 

Far bon 8S.1 

100.9 

Which corresponds with C’*H*'' or with CMdF This 
analysis agrees with neither that of M. Hennel, nor of M. 
S^rules. It is nearly similar to that which M. P. Boullay 
and myself have given. 

3’he most volatile product ceases at less than 100^, is \’ery 
fluid, and its smell resembles that of naphtha; its compi)sition 
is remarkable. It is the carbure of hydrogen, the most 
hydrogenerated liquid known. It contains 


Hydrogen 15.7 .... 1.3.7 

Carbon 84.5 .... 84.7 


100.2 * 1Q0.4 

Whence we take for our formula tT*. But from the 
density of its vapour, which is equal to 4. 1 8, we may represent 
by C^ H ^ 

ThuvS, there would be in M. Masson’s oil two carbures of 
hydrogen which, by nniting, Mn>uld reproduce bicarburated 
hydrogen from which they are derived. 

Volatile carbure .... -- — — zzC®H'’ . . 4. 1 

4 

3 9 tl S 6 

Sweet oil of wine .... ® H ’ * 


Organic Chemistry. On the composition of Sugar of 
Gelatine ; and on the nitro-saccharic acid of Braconnot, 
By M. Boussingault. 

Sugar of gelatine prepared in the usual manner by means 
of the reaction of sulphuric acid op strong size, according to 
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M. Boussingault always contains a soluble quantity of saline 
matters ; so that after its combustion it leaves from 2 to 11 
per cent ashes : but we piay obtain it in a pure state by the 
decomposition of tlie soluble ;^alt \^hich it forms with baryte, 
h'or this pur[)ose, a solution of sugar of glue is made to boil 
for some time with a milk of baryte; it does not disengage 
itself of ammoniac; it is liltered, and the baryte separated 
completf'ly from th(‘ filtered liquor by means of sulphuric acid. 
It is {iflerv\ arils evaporated to a pellicle and then the sugar 
<piiclvly cr\ stalli/es. 

Sugar of gelatine is rather more soluble in water than 
sugar of milk; like the latter it cracks under the teeth ; its 
sweetness is rather intense and leaves a disagreeable taste 
boliind. Once dried in a dry vacuo, at the ordinary tempera- 
ture, it loses no more water at IdO \ 

'J'he mean result of seven analyses, tlie details of which may 
be found in INI. Boussingault’s note, gives the .following rough 
formula for the composition of sugar of gelatine. 

(M . . Q, , ^y(3 

By causing a solution of sugar of gelatine to boil over 
powdered litharge, we obtain a liquid, which, filtered, presents 
an alkaline rea<tt ion, and, sufficiently evaporated forms by 
cooling a crystalline mass. 

'Ili(' mean of four analyses has given for this salt of basic 
lead, a comj)osit ion wliich may be represented by the formula 
Q. V J£.tO^ A// ,3(PbO), 

which compffred with the preceding, would indicate that by 
combining with three atoms of oxide, the sugar of glue lost 
two atoms of water. I nder this supposition the atom of anhy- 
drated sugar would weigh 2517.0. 

If we consider the combination of lead as neutral, the 
atom of the sugar will be reduced to 835.7 and the anhydrated 
sugar would be 

IP' O" Az*. 

But then the uncombined sugar must be represented by the 
preceding formula 4- i^q. • 

The nitro- saccharic acid prepared by M. Boussingault, 
according to the process indicated by M. Braconnot, but with 
sugar of pure gelatine and with certain precautions indicated 
in tlie note, has given a composition which may be represented 
by the following formula : 

^ O’ ° Az’ 

In the nitro-saccharate of copper prepared by the direct 
combination of acid with very divided oxide, then dried at 

VoL. III. — JVo. 17, March, 1839. 2C 
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130% the acid has been found in the same state as before the 
combination. 

At this point of desiccation, the salt is of a pale blue ; if we 
expose it to a higher temj^erat\y’e it takes a decidedly green 
tint. This colour appears at about 150"^, and we perceive 
some water in the upper part of the tube containing the salt. 
At 180° or 182° the detonation takes place. 

The salt, previously dried at 130°, and retained for several 
hours in vacuo at a temperature of 165°, loses 0.177 1 of water 
in 100 parts. 

The results of the analysis of the nitro-saccharate of anhy- 
drated copper, permit the adoption of either of the twolollowing 
formula for the composition of this salt : 

C* Az« CuO, or O" Az^2(Cu()): 

but, says the author, it seems preferable to adopt the last of 
these formula, because it enables us to establish a relation 
with the sugar of gelatine. 

The nitro-saccharic acid being C* H ' O " Az ’ 

If we take away the azotic acid O ’ Az“ 

There remains C‘ O A y/^ 

The sugar of glue iii the salts being C ^ H O ‘ A z ' 


which shows that by combining with the azotic acid, sugar of 
glue loses more water than would be necessary for passing 
to the state in which it is found in the salts. f 

LVIII. Memoir on a new electric condenser. By M. Peclet.* 

The new condenser is composed of three unpolished glass 
plates, which have been carefully ground together and com- 
pletely covered with gold leaf fastened with albumine. One 
of these plates which I shall call A, is fixed to a common gold 
leaf electrometer ; its upper surface is covered with varnish. 
The second which 1 shall distinguish by B, is placed on the 
first, and varnished on both surfaces. A small copper wire 
carefully gilded and unvarnished is fixed horizontally to a 
point in its circumference ; it has at its centre, similar to the 
moveable plate of common condensers, a glass handle for 
moving it with. Lastly, a third plate C, is placed on this last 
with a hole in its centre through which passes the wire of the 

* Translated by Mr. J. H, Lang, from the Comples llendus, &c. 
No. 9 , 1838 . 



M. Peclcf, on a new electric condenser. 


4G3 


plate B ; the plate C is only varnished on the lower side and 
its central orifice is supplied with a glass tube which surrounds 
the wire of the plate B, hut of a less height. 

Th(i following is the method of ‘using this apparatus. The 
upper plate is touched with the metal of which you wish to 
discover the action on the gold; the plate B is put in connexion 
with the ground ; we suppress this connexion, raise the plate 
C! and touch the A ; this is repeated a certain number of times ; 
at last by means of the wire on tKe plate 15 we raise B and C 
t ogcither ; the gold leaves of the electrometer diverge, more or 
l(\ss, in proportion to the number of contacts. 

Idle t;ase whicli encloses the gold leaves is formed of parallel 
glasses, and placed on a tri'Cet provided with a screw, on one 
side, a vertical plate pierced with a small hole, and on the 
other a portion of a circle divided vertically, whose centre is 
the same height as tlie hole in the plate and the upper ex- 
tremity of the gold leaves; by looking through the hole in the 
plate we oliscrve the deviation. 

To give an idea of the power of this apparatus I shall relate 
two series of experiments. By touching the upper plate with 
an iron wire, after 1 , 2, 3. 4, 5, and 10 contacts the gold leaves 
diverged 20 ^ 25^", 3B, 41°, and 88°. 

By touciiing tlve upper plate with a platina wire, a single 
contact produced only a slight deviation, which was increased 
to 1 5° after three, and to 53° after twenty contacts. 

I'he experiments with the platina were made by employing 
a platina wire, which had just been reddened in an alcohol 
flame, and washing my hands in distilled water. I was con- 
vinced beforehand, hy making a great number of successive 
contacts in which I touched the upper plate with my finger, 
that the plates concealed no electricity. 

The novel fact of the development of electricity hy the con- 
tact of gold and platina, has also been directly proved by 
means of a simple condenser of extreme sensibility obtained 
by giving a suiriciont thickness to the coats of varnish and 
making their surfaces perfectly smooth. 

By means of the double and commoji condensers I have 
discovered that all the metals on which I have operated were 
positive with regard to gold, and these metals arranged in the 
order of their eleclr(>-motive power with regard to gold are as 
follows : 

Zinc Bismuth Copper 

L(^ad Antimony Silver 

Pewter Iron Platina. 

The effects produced by bismuth, antimony, and iron, dif- 
fered so little from each other, that 1 could only classify them 
hy taking the means of a great nuinher of experiments. 

2C2 
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It is evident from the arraiigemeiils of the apparatus that 
the quantity of electricity liberated, which caus>es the gold 
leaves to diverge, is proxjortional to the niimher of contacts ; 
but we find from numerous ex])ftriments that as far as about 
20° the deviation is proportional to the nunihcr of contacts ; 
thus within this limit the deviation is in pvoportioti to the 
quantities of electricity. It would be easy to make a table 
which should give the quantities of electricity corresponding^ 
to the de.\\a.\\ons wYnch exceed 20“, since t\\esc quantities are 
proportional to the number of the contacts. 

The simple condensers or multipliers cannot however deter- 
mine the relations of the effect produced ])y the contact of 
gold and different metals, since these proportions vary con- 
siderably with the thickness of the coats of varnish on the 
plates, of which I have satisfied myself by comparing the 
results of experiments made with different apparatus. 

7^he instrument that I have the honour to present to the 
Academy, being of a sensibility somewhat indelinite. otfers to 
philosophy a new means of investigation, which J liope will 
contribute to throw some light on the singular pheiiomeiia, 
which are produced by the contact of bodies. 


LIX. On the different phenomena of electriciiy of re.v^, 

and electricity in motion. I3y C'harlks V. W alker, JCsq. 

1. A paper was lately read before the Society, wherein the 
author endeavoured to prove, that homogeneous* attroclion 
and not repulsion exists between the particles of electricity.* 
He has candidly invited the opinions of others ; and, though 
adducing an experiment, the experiment to which the present 
communication will mainly refer, that at first sight seems to 
support his hypothesis, yet he intimates a readiness to abandon 
his position should it be found untenable. 

2. It may be urged, that the time for pursuing this sub- 
ject was during llie debate, which followed the reading of the 
paper; and so, to a certain extent, it was. But, I am sure 
it will be conceded me, that when a new opinion or experiment 
is first presented, it is not always possible to enter unprepared 
into the field of argument. An opinion may be formed ; yet, 
oftimes the peculiar nature of the fact requires a train of 
thought, not to be pursued conveniently at a moment’s notice. 

3. The authors of papers will, therefore, not conceive that 
the length of a debate is a measure of our attention to, and 
opinions upon, their communications. 

* The paper alluded to is Mr. Griffin’s, See Annals of Electricity, 
&c. Vol. 111. p. 126 , Edit. 
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1. But our ideas may assume a more tangible form when 
meditaled more at leisure, and it is greatly to be desired, 
that these our more matured oy)iiiic)iis shtmld be reduced to 
order — should be tested by (‘x^erimeut — and shoulil be brought 
bidtu'e the Society. I would that, comet-like, every paper 
reed here .should h'ave a train, if not of yet surely of 

reflection ^ in its wake. 

5. d'iie main pui jXKse of a Society being, that the mutual 
talents of mem\)eis should be directed to any subject sub- 
niitied to its consideration, it would tend greatly toward the 
ohjoct and interest of these our evening meetings, were all 
])rt‘.seiit to cc^nsider themselves a.s concerned to determine the 
truth or fallacy of tliose propositions, which are advanced 
here, and so to enter into the spirit of papers read before them, 
a.s tv) be prtipared now or after with ibeir yea or nay, their 
assent to or dissent t/tc conclusions adduced. 

t). (’onceiviug the experiments offered in favour of homo- 
geneous attraction as inconclusive, I have investigated them, 
or rathm- one of them, (the others being but modifications of 
this one) and have ventured to show the grounds of objection 
against their b(‘iiig a philosophical testimony in support of 
tlie aullior’s bypot he.sis. 

7. d'lM' exjM'riment referred to is this : — 

Ify suitable arrangements, two streams of electricity weie 
made to pa.s.s in vacuo from two points, say A and B, to a ball, 
t'. It was invariably found that in their passage they con- 
verged, and^ entered the ball, C, in one compound stream, 
forming an appearance resembling the letter Y. 

S. It would seem, that, unless homogeneous attraction he 
a fundamental principle of electricity, these tNVO streams would 
have (joiitiiiued independent, pursuing the shortest course nor 
w ould have converged till they had reached the ball, C, form- 
ing in their passage a resemblance to the letter V. But if, on 
the other hand homogeneous repulsion be (as we are anxious 
to prove) the fundamental principle, then surely they would 
diverge in their passage and present the form of letter U. 

9. But it will occur to the attentive •observer, that one 
important element in this experiment has been overlooked, 
viz., motion. An important element, because it leads to a 
branch of the science, unconnected with the matter in debate, 
to ^ectxo-dynamics , the laws and phenomena of which are 
entirely distinct from those of electro-5^a^/’c5. 

10. In investigating the properties of the fluid, per se, it 
should first he accumulated, then left in a state of resty and 
then examined. Hie result of such an examination will, by 
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no means, correspond with the results obtained from the 
experiment now under consideration. 

11. The distinctive phenomena of the two states are so 
well known, that they scarcely need be mentioned ; 3 "et, for 
the sake of method, 1 will avail myself of the following 
passage from Dr. Faraday’s Researelies (Tliird Series, ^ 267 ), 

12 The various phenomena exhibited by electricity 
may, for the purposes of comparison, be arranged under two 
heads: namely, those connected with electricity of tension, 
and those belonging to electricity in motion. 'This distinction 
is taken at present not as philosophical, but mt'rely as con- 
venient. The effect of electricity of tension, at rest, is either 
attraction or repulsion at sensible distances, d'he elVects of 
electrical currents may be considered as 1st, evolution of h(*at ; 
2d, magnetism; 3d, chemical decomposition : ‘^llh, phisiologi- 
cal phenomena; 5th, spark.” 

13. With the experiments, productive of these effects, all 
are so well acquainted, that it would he tediou.s to repeat them. 
They are mentioned merely to show generally the (‘haracten-- 
istic differences between the two conditions ; they remind us 
how largely motion is concerned in producing the peculiur 
phenomena of electricity, and how very (^onlined is its agenc} , 
(even though accumulated) wlnm at rest. 

14. Our present object sim})Iy rcMpiires us to tmter into 
those particular experiments wherein attraction and repnlsion 
are concerned : — 

Let the conductor of a machine, or a wire attached to the 
conductor sufficiently long to reach l)eyond the atmosphere 
of the cylinder, be connected with the earth. In this ease, 
however powerfully the machine may he in operation or how- 
ever continuous and copious a current 1)C passing along the 
wire, (providing it is not more than the wire is fitted to conduct) 
yet light substances will remain unaffected by its presence, 
although placed in the immediate vicinity. 

15. But this is not the case w hen the fluid is at rest. 
For if, instead of suffering it to pass off to the earth, it !;e 
permitted to accumulate in a Leyden jar, on testing its 
effects, by approaching a pith hall, the latter will he instantly 
attracted ; and, if insulated, as instantly repelled. 

16. This indicates an important difference between rest 
and motion. I'he one condition exercises a powerful disturbing 
influence upon neighbouring bodies ; the other is without 
influence ; at least so far as attraction and repulsion are 
concerned: and attractive and repulsive influence alone are 
we now examining. 
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electricity at resty and electricity in motion, 

1 7. There is one case, to which I will hriefly refer, 
wherein both conditions, and are involved. So far 

as iny own information extends, attention has not been directed 
to it l>y any writer on the stfience. It is when a Leyden jar 
is in connexion with the prime conductor of a machine, while 
the. cylinder is revolving. 

1 I n this case, it would seem that, so soon as the machine 
is put in motion, a current of fluid passes along the conductor 
to the jar. It there spreads itsMf in a thin layer, (if I am 
allowed the term) over the inner coating, over the surface of 
the wire, and over the surface of the conductor, as forming 
part of tlie wire. As the machine continues in motion, the 
tension of this accumulated* fluid increases, by the addition of 
fresh layers beneath the former ; so that while electricity is 
in motion beneath the surface, other electricity is at rest on 
th(^ surface. And this latter as might be expected exerts an 
attractive and repulsive influence over light bodies, the other 
being as before inactive ; but this is digression. 

lb. The comparative experiments bearing more immedi- 
ately on the very point in debate are these : — 

l.ret the negative wire of a powerful voltaic arrangement be 
in cominunicration with the outer coating of a Leyden jar, 
while the positive wire is brought suddenly to the knob ; the 
jar will receive a charge, suflicient to affect an electroscope, the 
gold leaves of which will separate, indicating repulsion, 

20. Let an apparatus of two parallel and moveable wires, 
delicately^ poised, be so placed in connexion with the same 
battery, as that, when the circuit is complete, the current 
shall pass along both. If while traversing wire A, in one 
direction, it traverse B in the opposite, the wires will exhibit 
signs of repulsion ; but if the current pass along both in the 
same direction they will be found to approach, evincing signs 
of attraction. To this circumstance then would I chiefly 
allude : that the same voltaic electricity which when accumu- 
lated in a jar, and thence distributed into the electroscope, 
caused the gold leaves to diverge, is found (while passing 
along fit iipparatus in the same direction) to cause the wires 
to converge ; being in the former case at rest ; in the latter 
in motion. 

21. And it is precisely under similar circumstances that 
the experiment in question was made : 

I'wo streams of electricity were passed in the same direction 
from points A and B, to a common destination, C. 

22. In obedience to laws observed in other cases, it might 
be expected that they would (as they do) evince homogeneous 
attraction, (the only difference being in the nature of the 
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conductor, in the one instance wire in the other vacuum). 
But it is by no means legitimate to conclude from this, that 
homogeneous attraction belongs to electricity se : l)iit 
rather that it belo?igs to elect ri<*it^^ in motio?} . 

23. Lest it be objected that the experiment in question 
was made with frictional electricity, and that voltaic is 
selected to illustrate it, I would observe that the selection is 
merely made because experiments with the latter, wdien in 
motion, are more generally knowm. But, to show that both 
are similar in their law^s and ellects, I wdll again avail myself 
of an authority to wlii(5h all will j*ay respect. (Dr. Faraday, 
Third Series, § 3()0.) The general co7i.chts}on which must, 1 
think, be drawn from this collection of facts is, that dertricit y ^ 
irhatever may he its source., is identical in its nature. I'he 
phenomena in the five kinds or species quoted,* diller not in 
their character, but only in degree.” 

24. There is then inserted a table of the experimental 
eflects common to the electricities derived from ditferent 
sources;” by^ referring to which, it will be noticed that all 
the effects of common electricity are produced by voltaic, 
and vice versfl. 
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2,5. In addition to this, and as if to supply every evidence of 
identity, the very experiment in questioji has been performed; 
wires have been arranged ; electricity from the machine has 
been passed along them; dis.similar currents have repelled; 
and similar have attracted. 

26. From these observations, I think it will appear that 
the experiment in question is not of a kind to be admitted as 
evidence in support of the author’s hypothesis : and, therefore, 
so far as the theory of homogeneous attraction depends on 
this, so far is it void of foundation. 

27. In addition to the above, seventy or eightyexperiments 
were made, (with the same object in view) by passing charges 
of electricity over the surface of cards capable of receiving a 
permanent mark thereby ; but as these are all liable to the 


* Viz., 1, voltaic; 2, common; 3, magnets ; 4, therm. ; 5, animal. 
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electricity at rest, and electricity in motion. 

same oGjet^tion, in that the electricity under examination was 
in motion, it will not be necessary to allude to them further. 

2>. In reference to the experiments in question, the author 
says: If the above observaiiojis and experiments are not 

considered sufllcientto establish the existence of the power of 
homogeneous attraction in electricity, 1 have other experi- 
ments de\ ised, varying the above methods.” 

29. Should these other have been made with the fluid at 
rest, tlie results may he admissihk^ : and, should they hear 
w ith them suihci<ml evidence, although wedded to the opinion 
of homogeneous rcpnlsion , I will willingly resign it. 

30. The principal design of the present communication 
having been to advtu t to thedact, that electricity in motion 
and e](H-trici<y of tension are din'erent in their etlects, I 
have not thought it m'cdful to investigate the ca/mq forwhat- 
ev(*r tht' ranse ])e, the result is ctudain, is constant. 

31. In conclusion i would observe that as these observations 
have been made in support of a theoretical notion, some may 
urge, lliat so long as weave acquainted with etlects and the 
modesof produeiiig them it isof little consequence whether they 
(bqxmd on this or on that theory ; wdiether, for instance, the 
])henomona of electricity depend on tw^o fluids or on one ; or 
w’hether they originate in a series of expansions and contrac- 
tions. h’or my own part 1 must candidly confess that I 
would at once close all my electrical books, lock up my appara- 
tus, and witlidraw" my name from this Society, unless 1 hoped 
to derive something more than mere outwuird signs ; some- 
thing more \han mere visible etlects and the modes of 
producing them, from devoting my time and thoughts to the 
study of this science. 

:>2. The intellectual electrician is not satisfied with the 
shock, the spark, the heat, the decomposition, the deflection, 
the magnet, the mere signa operaiidi ; he would investigate 
further, and endeavour to trace the tnodns operandi in each 
instance ; he w ould penetrate behind the veil, and seek those 
mysterious laws which regulate the whole. By the induction 
of particulars, he wxnild (as a good* states^nan) frame such a 
general code, as should suit every individual case : would 
reduce this code into so small a compass, that the whole 
statute hook could be registered in the mind : and would 
render it so simple, that its application to every case might 
be readily perceived and as readily effected. 

Kennington Grammar School, 

August '3>Vst, 1838. 
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LX. On a new compound of Oarhon and fJtjdrogeri. 
Ry William Maugham, Ksq. JLeclurer on Ohemlstry, at. 
the Royal Gallery of Pracfical Scie^ice, yldelahle Sfreei, 
Lioridon, ^c, (^om m un tea ted in a letter, dated June 

21tit, 183S, addressed to the Honorary Treasurer of the 
London JElectrical Society, 

Read July, 1 838.* 

Sir, 

During the year, 1834, in eonscquenco of certain experi- 
ments that were made with different kinds of artiiicial lights, 
at the Royal Oallery of Practical Science, hy Messrs. Watkins, 
(iardner, VV ilkinson, and myself, I was iiuUiced to pay con- 
siderable attention to the light produced by voltaic eh.'ctricity, 
through the medium of charcoal points, ibr tin' purpose of 
rendering that light continuous and of the same intensity for 
any given period. I found that by increasing the niiinber of 
the pairs of points, a corresponding number of lights might be 
accordingly produced of apparetttly the same intensity ; the 
several pairs of points being placed within the voltaic; circuit 
and insulated upon glass rods fixed in a piece of board. On 
bringing the points, thus arranged, in contact, and then 
separating each pair at the same instant (the apparatus being 
so contrived as to admit of this being donej, sparks were pro- 
duced simultaneously at the several interruptions. J'his 
experiment it is to be understood was suggested by my friend 
Mr. Williams, who very ingeniously contrived the necessary 
insulating apparatus alluded to. Whilst repeating this ex- 
periment with M. de ia Rive, it w'as proposed by him that one 
of the jjairs of points should be placed in water, when the 
spark, as might have been expected, was visible in that liquid, 
and at the same time a spark was visible at each of the other 
pairs of points out of the water. The experiment was con- 
tinued for about a quarter of an hour, and as it was proceeding, 
a very peculiar odour, arising from the water in which the 
electrical light was.produced, became perceptible. 

On reflecting upon this afterwards, it struck me that some 
change must have taken place between the water and the 
charcoal during the passage of the electricity. To satisfy 
my^self of the truth of this, 1 prepared a battery of about sixty 
pairs of four-inch plates arranged on Wollaston’s principle ; 
to the ends of the two electrodes I affixed two pieces of char- 


* From the Transactions of the London Electrical Society. 
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coal by moans of platiiuini wires of sufficient length to allow 
the charcoal to he convoyed into a glass vessel containing 
distilled water. A glass tube was next tilled with distilled 
w'ator and then inverted in life water into w4iich the charcoal 
points wore to bo iininorsod. On bringing these points 
together under the water so as to produce the electrical light 
with as little interruption as possible, the water underw^ent 
do<?omposition anrl the glass lube was soon filled with gas. 
M hen flame wasaj splied to the induth of the lube no explosion 
took place as when a mixture of oxygen and hydrogen gases 
is obtained l>y decomposing water when the action is electro- 
lytic; hut the gas burned silently with a flame similar in 
(colour to that by which the flame of carbonic oxide is dis- 
tinguished. Suspecting, therefore, carbonic oxide to have 
])eon ])roduced, 1 f)assed 2 volumes of the gas obtained as 
above into an eudiometer witli 1 volume of pure oxygen; the 
mixture was made over mercury, and lime water was then 
introduced above the mercury in the eudiometer. No change 
w as observed in the lime water, but after passing an electric 
spark through the gases a gradual condensation of the whole 
took j)lace and the lime water was rendered turhid, carbonic 
acid gas having evidently, in the first instance, been produced. 
If the spark be passed before the lime water is added the 
same condensation takes place as when we explode a mixture 
of carbonic oxide and oxygen, and lime water being then in- 
troduced it becomes turbid wdth a gradual absorption of the 
whole of tl^(; gas. A very Utile residual gas was sometimes 
obs(»rved, which disappeared after the introduction of a crys- 
tal of proto-sulphate of iron, showing the residual gas to have 
been oxygen added in excess. 

It is to be remarked that on passing lime water to the gas 
obtained as above described, I have observed that it is some- 
times very slightly changed, but this certai^dy does not al- 
ways take place. It would, therefore, appear that a trifling 
quantity of carbonic acid gas is occasionally formed along with 
the carbonic oxide. N either hydrogen nor oxygen can he 
detected. I’herefore should these gasQ^ be found by any one 
else along with the carbonic oxide, it will be owing to the ac- 
tion becoming electrolytic in consequence of the spark not 
being continuous during the operation, but when the spark is 
produced the action is not electrolytic, and it is only then 
when the carbonic oxide is formed. 

When water, therefore, is acted upon as already described, 
carbonic oxide is produced by carbon coml)iniiig with its oxy- 
gen, and at the same time a peculiar compound is formed by 
another portion of the carbon uniting with the hydrogen of 
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the water, no hydrogen as has already been shown passing 
off in the gaseous stale. 

This compound, which does not appear to have been before 
observed, imparts a very peculiar and uii[)leasaiit odour (o the 
water in which the charcoal points have been immersed whilst 
under the influence of the battery, but tlie process should be 
carried on for about a (piarter of an hour to be satislaclory, 
during which period the spark from the charcoal points sliould 
be continually visible undei^ the water. The waler thus im- 
pregnated with the new compound is of an oily nature, w ljich 
may be seen by pouring it into a clean tube, then emptying 
the tube and holding it up to the light. When kept for some 
time the liquid loses its odour artd there is a ])recipitate of 
carbon. 4'his spontaneous change takes ])lace whether it he 
exposed to the air or kept in a stoppered phial. 

1 formerly thought that the substance in question was a 
compound of 1 equivalent of hydrogen -f- I e(|ui\alent of car- 
bon and proposed calling it protohydn/ret or protohydrop^uret 
of carbon, but we have no ])roof of its being so constituted : 
for although 1 equivalent of the oxygen of the water evidently 
combines with 1 equivalent of carbon to form 1 e(|uivalent of 
carbonic oxide, it is not evident that the 1 equivaKuit of the 
hydrogen of the water also combines with 1 equi\^'ilent of 
carl)on : it may combine with 2, 3, or more equivalents. 

The production of light under water by means of (.‘barcoal 
connected with a voltaic arrangement is a well known experi- 
ment ; but I have not met with any one wlio is aware that the 
above-described change takes place, and therefore I venture 
to lay these observations before the public through the medium 
of the London Electrical ^Society. 

When the experiment is made merely to obtain the com- 
pound under consideration in what may be considered a con- 
centrated state, the less distilled water that is employed the 
better ; about two or three ounc<?s will be sufficient, it being 
merely requisite to keep the charcoal points covered with it, 
but more water will be required when it is intended to collect 
the carbonic oxide. ^ 

I ;have no doubt that some interesting results may be ob- 
tained by acting upon other fluids in a manner similar to the 
above with charcoal; and certain other substances might also 
be employed to efiect the end I have in view ; namely, the 
formation of compounds by producing the electric spark in 
water and other fluids, by causing the electrodes of a battery 
to be armed with different materials of a certain kind. 

When steam is decomposed by passing it over red-hot char- 
^coal for the purpose of obtaining carbonic oxide, I do not find 
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in the water over which the gas is collected anything like the 
compound in question. Jt may not be irrelevant to observe 
that Mr. C^haries CUiwper suggested to me that he thought 
carbonic oxide might be sul^stituted for hydrogen as a com- 
bustible wi< h oxygen for obtaining intense heat. A consi- 
derable (plant iiy was accordingly burnt with oxygen by means, 
of my blow})ipe, and when the jet of inflamed gas was thrown 
on a i)icce of lime, the light produced was very little inferior 
to that which is obtained when hydrogen and oxygen are em- 
ployed for the same purpose, and probably the light would 
have been im[)roved had the carbonic oxide been passed 
through linn? to free it from the carbonic acid which it always 
contains. 

AIa\ not the hydro-carbon which is the subject of this 
pap(U‘ he identical with the oily compound noticed by Berzelius 
as being produced when hydrogen gas is obtained from iron 
and dilute sulphuric acid? (See JLehrhuch, 186.} 

I remain, Sir, 

Your’s truly, 

M 1X.LIAM MAUGHAM. 
Iloya I Cm (tilery of Praci i cal Set en ce, 
ildelaide Street, IVest Sti'and, 

Jttne'‘Z\, 1^3s. 

Note. At the ordinary meeting of the Society, duly 17, the 
nutlior of tlie prt'cediiig ]>aper went through the experiments 
tIler(^in deitailed, and tlie several results were highly satisfactory to 
the inenihers^ present, bejng perfectly corroborative of what is 
stated respecting the formation of carbonic oxide and a previously 
unnoticed hydro-carbon when water is decomposed in the manner 
flescribcd. 

LXI. A?i accoftnt of a series of daily observations, made 
by Axdricw Ckossj:, of Jlroomfield, near Taunton, 

u'ilh a Sustaining Voltaic Battery, to ascertain the in- 
crease or diminution of the poiver of the same, as corres- 
ponding u'ith the increase or diminution of the tempera- 
ture of the atmosphere, during a pari of the last ivintcr, 
and commenced previously to the very severe frost which 
afterwards took place. Also a few remarks on the agency 
of heat in electro-crystallization. 

Read June 19th, 1838.* 

For upwards of two years past I have found it convenient 
in the formation of crystalline and other matters, by the elec- 

* From the Transactions of the London Electrical Society. 
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trie agency, to make use of porous earthen pots, of the same 
nature as garden pots; hut without an aperture in the bottom. 
One of these being filled with a compound fluid, A and li, 
and being plunged in a basin §lled with another compound 
fluid, C and D ; A of the one fluid having a greater chemical 
affinity, (as it is called) to C of the other fluid, than it has to 
B, with which it is united, and also B to D, so that by the 
admixture of the two fluids, double decomposition would take 
place ; an electric current being passed by means of primary 
conductors proceeding from the poles of a voltaic battery in 
conslant action, from one fluid to the other, through the pores 
of the pot employed, a slow union of A and C, or 15 and I), 
or both, takes place, either at the positive or negative' pole, or 
on the inside or outside, or ivlthbi the sffbsta7/cc of the [)ot 
itself; or in more than one, or in all of these, according to 
the 7in1ure and temperature of the fluids employed, the />/- 
tensity or fpiantity of the electric current, the thickness of 
the pots, and the presence or absence of light, which last is 
in most cases of greater or less importance, and in some 
absolutely essential. The result of this union is common to 
the production of regularly or irregularly formed crystalline 
matters more or less firmly adhering to the sulistajice upon 
which or within which they are formed. 1 have used these 
pots in hundreds of experiments, in an infinite variety of 
applications, and with considerable success. I have likewise 
used them more or less extensively in the place of bladder in 
sustaining voltaic batteries, for which purpose they are 
admirably suited. They have, hewever, one* defect. If, 
while sulphate of copper is used for the negative cells, a neutral 
salt be employed for the positive, in the course of time crystal- 
lizations are formed v^ithin the substances of the earthenware 
which separates the two fluids, and the pots are cracked in 
all sorts of form.s — ^sometimes longitudinally; sometimes 
laterally; sonieiimcs in concentric layers, the outer or inner 
portions scaling offlike the hark of a tree ; and sometimes in 
small angular or circular fragments which start off with a 
slight explosion, .so that after some months’ action the earthen 
vessel is spotted over with deep indentions either external or 
internal, or both. It is therefore safer and better on all 
accounts to avoid the use of neutral salts in the positive cells, 
which 1 commonly fill with simple water, when 1 wish to ke(ip 
up a uniform action for a considerable time, and when I em- 
ploy these pots merely in the place of bladder. 

The following ohservation.s were made in a room exposed 
to the light, with a southern aspect, and situated about 800 
feel above the level of the sea.— 
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Dec. 22, 1837. 10 P.M. I set in action a small sustaining 

battery composed of twelve two-inch square arcs of zinc and 
copper (the zinc not amalgamated), in small porous pots and 
glass basins ; each zinc plate resting on a small piece of zinc, 
placed in a glass basin fdlcd with common water ; and each 
copper plate resting on a larger piece of copper placed within 
a pot which stood in the middle of the next glass basin, and 
which contained three ounces of sulphate of copper and water. 
It is a simple and economical mode of increasing the surface 
of the metals employed, to cause the pairs of plates to rest 
respectively on larger masses of the same metals, by which 
means small plates may be made to act in some degree with 
th<' power of large ones, and which partially saves the expense 
and trouble of casting. A Faraday’s voltameter being filled 
with common pond or river water, was connected with the 
})oles of the battery, and emptied of its gas each night at ten 
o’c;lock, and replaced in its former situation. A thermometer 
was likewise suspended above the battery, so that its bulb was 
immersed in one of the glass basins of water. This thermo- 
meter was examined at different intervals during th^ day and 
night, and the degrees of temperature carefully noted. It is 
obvious that by this arrangement only a portion of the elec- 
tric fluid excited could possibly pass through the voltameter, 
as no acid was added to the water with which it was filled. 
For this I had reasons which I shall not here dwell upon. 

The obs(jrvations were continued for the space of one 
month or twenty-eight days, during which time neither water 
nor sulpha W} of copper was added to the cells of the battery, 
in consequence of which a good deal of the fluid had evaporated 
at the month’s tmd. When the voltameter was first applied, 
a very small .stream of the combined gases was extricated, but 
in tlie course of some hours it increased, and at the end of 
twenty-four hours 42-20ths or degrees of gas were evolved. 
It will be seen by inspecting the journal attached, that the 
battery did not arrive at its maximum of power till the third 
day from the commencement of its action. 3’his was occa- 
sioned by the resistance of the earthen pot to the electric cur- 
rent, a thicker or a thinner pot affording a greater or a less 
resistance. It will likew'ise he seen that in general there was 
a more or less regular decrease of power, which seemed to be at 
the rate, as near as one may judge, of from one to two degrees 
of gas in twumty-four hours, supposing the temperature to 
remain the same ; hut that in general the power increased or 
diminished with the increase or diminution of temperature. 
Thus in the first week, as long as the thermometer stood at 
about 51), the diminution of gas was from one to two degrees 
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in each day : l)ut on the last day of the year when the ther- 
mometer had sunk from 50.5 to 17, the quantity of gas o])tainod 
was lessened from 01 to 57. o degrees : also be^tween the 0th 
and 7th of January, with a dimyiutiori of temperature of from 
42.5 of the thermometer to 30, there was a diminution of gas 
of from 51 to 15 degrees. This is what one might more or 
less have expected.; but I know not how an increase, and a 
somewhat considerable one, of the power of the battery could 
take place under a diminution of temperature. 3'hus, on 
January 13tli, with the thermometer at 32, forty-five degiet's 
of gas were produced; when on the preceding day, with the 
thermomeler at 36, only 42 degrees of gas were liberated. 
Again, on the 17th of January 47 degrees of gas were'. ])ro- 
duced, with the thermometer at 34, when on the preceding 
day there were only 41 degrees of gas with the thermometer 
at 33. The one degree’s increase of heat hears no proportion 
to the six degrees’ increase of gas. Again, on the last day of 
the journal, with the thermonnJer at 32, there were 4 degrees 
of gas less than the preceding day with the thermometi'r at 
31. Thk requires sifting and close examination. It may he 
observed that the degrees of gas produced on the last day, 
with the the thermometer at 32, and with ice in all the cells, 
were exactly the same as on the first day with the thermometer 
at 50. It may also be noted that the total f|uantity of gas 
obtained in the fourth week was only 4.5 degrees h^ss than 
that which was obtained in the third week, notwithstanding 
the natural diminution of power in the battery, the increased 
loss by evaporation of fluids, and the five degrees’\liminution 
of temporal ure.-i. I was prevented from [iroloiiging tliese ob- 
servations l)y the frec'/ing of the water in all the cells. 1 may 
here oliserve that I had, previously to these experiments, as I 
have since tried the effects of heat in condiination with voltaic 
electricity in the format ion of crystals, that I have exposed 
various solutions under diflerent conditions to tlio electric 
action, such solutions having been kept as nearly as possible 
at the boiling point from one to six weeks, the apparatus being 
plunged in sand baths, with fires kept up day and night without 
a moment’s intermission, and the solutions being constantly 
replaced as they evaporated. In sixteen of these experiments 
whiijh were carried on at the same time, the evaporation was 
so great that it exceecled seven gallons in every twenty-four 
hours. I am not prepared at present to give a succinct account 
of the different results of these operations, but shall state 
generally the following conclusioiis. 

1. A piece of yellow sulphuret of copper was exposed to 
the electric action, in sulphate of copper at the negative pole. 



Mr. C'rosse’rf experiments with the voltaic battery, 477 

iff the cold solution^ and found after a given time to gain a 
certain weight, the iianie being iny friend Mr. I’ox’s experi- 
ment. 

2, A >«i)iii]ar piece of thebsaine was exposed, exactly under 
the same ( ireumstaiiceSj in the hot solution to the same elec- 
tric power, and found to gain thirty-one times the weight of 
the prect‘ding, within the same time. Such additional weiglit 
in both ( a>es mostly (-on-isted of metallic cryslalliz,ed copper 
and red oxide of cf»pper the surface of each. 

3. 7\ithough the solutions, in which the latter formation 
took place, were kept as constantly as possible at the boiling 
temperature, the crystals were generally of the most regular 
form, with their angles and* facets (juitc as perfect as those of 
a natural formation. 

1. Ill tlie production of crystallized copper and rod oxide 
of cot>per, I found that wdth a single pair of plates plunged in 
boiling solutions tlie increase of crystallized matter averaged 
ti(3 grains in each day, or one ounce troy in every eight days; 
and that, oonsecjueiilly, even tons weight of crystallized copper 
and red oxide of copper may be formed in a coinjiaratively 
v(‘ry .'short .space of time by an increase of elcctri(‘ pow er, and 
the quant iiy of solutions employed. The sizes of my plates 
w ere various, generally about two inebos square. 

By covering large plates of zinc, with plaster of Paris, 
unconnected with any copper plates, and laying them horizon- 
tally in large vessels tilled with sulphate of copper, kept boiling, 
and w ell supplied with a fresh solution as the evaporation went 
on ; th«' mf>.st perfect octohedral crystals of metallic copper 
and red oxide of copper, wa're formed to the amount of some 
ounc'cs in weight in less than ten days. These crystals were 
fully ccpial ill all respects to those formed by nature. 

(>. The same effects took place in the cold, hut in an 
infinitely inferior degree. In this way I have formed crystal- 
lized cojiper, silver, and lead, upon a zinc ingot. 

7. Ill breaking the thick earthen pans, in which some of 
these format ions have taken place, crystals of various sorts are 
found wothin their siihstance. Also veins of metallic copiier 
cr()s.sing them in various directions, very similar to what arc 
termed the leaders to a metallic lode. Under some circum- 
stances, perfectly insulated crystals of various sorts, not in 
connexion with cither pole or with any metallic suh.stance, are 
formed in ahunilaiice. 3'his 1 have frequently observed, but 
in much less quantity, to have taken place in the cold, during 
the last two years. 3'he above is a correct but rude sketch 
ol some of the general results wdiich I have met with in the 
comhina<ioii of heat and i lectricity. 

VoL. IIl.—No. 17, March, 1839. 2D 
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Qnery. May it not be possible to apply the combined 
action of a boiling heat and continued electricity, to the ex- 
traction of metals from 1 heir ores in a pure state, and with less 
trouble and expense than the plans now adopted t 

ANDREW C ROSSE. 
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LXII. Researches in Magfietic Electricity and note 

Magnetic Electrical Instruments. By C3jarlks Q, Page, 

M. D.* 

1 . Oompound Electro- Magnets for the magnetic electri- 
cal sparky shock and decomposition. In the last number of 
this Journal, I announced this new form of magnet, as de- 
cidedly superior to the common solid electro-magnet, for ex- 
hibiting magnetic electrical phenomena. I have since per- 
formed a variety of experiments, with reference to the best 
mode of constructing these magnets, and arrived at some 
beautiful results and important conclusions. I find that the 

* From Sillinian’s American Journal. 
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magnet made of flat plates of thin hoop iron, answers best 
for lifting power and sparks ; but those made of fine annealed 
iron wdre, answer nearly as well, and, (for reasons, by and 
by to be mentioned) will in» some cases be found preferable to 
the flat bars. Sixteen magnets were made of soft iron wire, 
in bundles of various lengths and diameters. Thirteen were 
made of No. 2(> wire, two of No. 10, and one of No. H. For 
lengths williiri ten inches and diameters within one inch, the 
very fine wires answer best. Btit for longer and larger mag- 
nets than these, the larger iron wires answer equally well, 
lihich of these magnets were tried with one, two, and three 
coils of No. IG, copper wire (wound each the wholt‘, length of 
the bars and su})erposed by a single pair of lead* and zinc 
plates, eight inches single surface of zinc), kept constantly 
in good action by the sulphate of copper. One of these mag- 
nets weighing two ounces, with four coils of fine wire exterior 
to three of large, gave a shock which could not be endured. 
The two ])est magnets of the sixteen, were, one made of one 
hundred fine wires six inches long, and one of five hundred 
wires, ten inches long. This last furnished the most splendid 
deflagrations, and by far the strongest shocks. Its decom- 
posing pow er was very great, for the means used. One was 
prepared of one thousand wires, and a foot long, hut its power 
was inferior to that of five hundred wires. This large com- 
pound bar was ultimately sawed in halves, and each half in- 
dicated as much power as the whole. This fact seems to prove 
that the length of the coils of copper wire was too great for 
the size. • 1 apprehend that a copper wire of a larger sizef 
would have made it superior to the other magnets. The ad- 
vantage before alluded to, possessed by the magnets prepared 
from bundles of fiine wire, is, the facility of making a curved 
or \J magnet J wound accurately throughout its length. There 
is little or no advantage in winding common magnets on the 

* If properly prepared, lead for the negative plate, is much 
superior to copper, where the sulphate of copper is used. 

+ 1 have universally found that large wire answers best for large 
magnets, and small wire for small magnets. The larger the wire, 
the more freely it conducts, but large wire cannot be used with 
advantage on small magnets, as the coils or turns will not be suffi- 
cient in number, and the axis of the wire will lie more oblique to 
the axis of the magnet, than that of a smaller wire, or than upon 
a larger magnet. 

X The term, horse shoe, applied to magnets is inappropriate, 
and has led many into the error of constructing magnets of this 
awkward and disadvantageous form. letter would briefly 

designate this species of magnet. 

2U2 
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curved portion, owing to tlie difficult}' of laying the wire on 
that part, at right angles to the axis of tlie bar. A very perfect 
U magnet covered accurately throughout its length, is readily 
made, by winding a straight hundk3 of line iron wire, with as 
many coils of copper wire as desired, and bending tiieiu after- 
ward. They are bent with ease, and tiie wire disposes itself on 
the bent portion in a beautiful and regular manner. All the 
magnets that were made of this descripiioii, w ere, tried before 
and after they were bent, arfd no change in their properties 
could be observed. Tlie be.'-t of the magnets, above alkulod 
to, was covered with two hundred feet of fine wire, exterior 
to four coils of large wire. Combining the secoiuhiry (runenls 
of tlie large and small wire, the shock w^as so great as to 
render it difficult to keep even the t ips of tlie ling(?rs upon the 
wires. A single thermo-electric pair, heated and cooled, 
connected with the large wire, gave a brig! it sjifirk and a 
shock, which could be felt as far as the wrist. The us(‘ of 
three pairs in sequence, enhanced the results. It must here 
he observed, that the shocks and sparks are not thermo-eleii- 
tric, hut magneto-electric. The pur<‘ thermo-electric spaik, 
1 apprehend, has never yet been seen. I obtalnctl, a long 
time since, sparks and shocks from a thermo-electric pair, in 
connexion with Henry’s flat spiral. Hut in that cas<* also, 
the results were purely secondary, or magneto-elect r:c, tin' 
copper spiral while transmitting a cum nt, in fact, rtqire.vent- 
ing a magnet with axial poles. 1 have always maintained the 
position, that a shock direct cannot he obtained fioni a single 
pair of plates, or any elementary current, under any anaiigij- 
meut whatever. Although recently, we have the higli author- 
ity of J^'araday, tliat iodide of potassium, and .somt^ otlu^r 
compounds may he decomposed, by a single galvanic pair, 
yet even admitting this to he fully estahlislicd, I see no n*ason 
for retracting, and may continue safely to as.^t'rt, that an ele- 
mentary battery howev'er large, cannot afford a direct ajiprc*- 
ciahle shock. In Faraday hs experimmit, the deconiposilion 
was the result of uninterrupted action, but in all experiments 
hitherto, where shocls^s have been obtained by the aid of a 
single pair, they have been obtained as single impulses, im- 
mediately consequent to the completion of the circuit, as with 
the large magnet of Prof. Callan, or as in all other cases, to 
the interruption of the circuit. In a new instrument, shortly 
to he d( scribed, I have a singular instance of an electro-mag- 
net, affording shocks, not only on the completion and break- 
ing of the circuit, hut even while the battery current is passing 
without interruption. It appears irrational to suppose for a 
moment, that the shock obtained by breaking the circuit with 
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coilocl conduct orSj can receive any augineriiation from the 
conjunc tion of the primitive and secondary curicnts, for the 
presumption is, and the fact itself seems sull'u iendy obvious, 
tliat the S])ark.s and shock^s indicating a new and secondary 
current are directly conse(]uences of the dissolution of the 
primitive cuiTcnt. In other words, the effects produced by 
the hrcMking of a primitive elementary current, are due solely 
to magnetic excitation, and have no connexion with that pri- 
miti\e, except lliat of cause and effect. In fact, strictly 
speaking, the' results thus observecl are not secondary, but 
t ertiary plienomena; the secondary production being the de- 
velopment or neutralization of magnetic forces. And, as 
Mr. Sturgeon has very aldy set forth in his beautiful theory 
of electro-magnetic lines, in (he present state of our know- 
ledge, it is indispoiisahh* t*) the explication of the reciprocal 
action of magnetism and electricity, to suppose the existence 
of a secondary intervening merllum, whether the coiled con- 
ductors act with or witJiout tlie co-operation of ferruginous 
l)v>dies. (hu' singular fact which 1 noticed nearly two years 
since, remains to be reconciled with the postulates, that a 
direct shock cannot he appreciated from an elementary cur- 
rent, and that secondaries are strictly consequences remote 
from primitives. W hen two, throe, or four pairs of plates, 
or any number below twelve, arranged as a compound series, 
aii* coniiecled with coiled conductors, with or without soft 
iron enclosed, (lie .sparks and deflagrations, are far more 
brilliant yn breaking the circuit, than with the same plates 
used as a simple or elementary battery. This fact is readily 
accounted for. The battery current itself is capable of pass- 
ing through perceptible space, with appreciable duration and 
as the secondary current (which is the natural electricity of 
the wing set in motion by magnetic forces), returns to its 
equilibrium through the medium of the battery plates and its 
liquid, the two cunents must here move in conjunction, and 
enhance the combustion of the metals used. 1 have strictly 
examined the power of the pure secondary developed in this 
way, and find it never to exceed the secondary from the same 
pairs arranged as an elementary series. In fact, the secondary 
begins to diniini.sh, just when the magnetizing power of the 
compound battery begins to diminish, which is well known to 
occur, as the series extends. The properties of small and 
large compound batteries, have moreover been examined 
while the currents have been passing through circuits from 
twenty feet to half a mile, without any observable charac- 
teristic changes. But to return to the action of the compound 
electro-magnet. The superior value of these magnets, 
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whether made of flat plates or fine wire, may he traced to 
several causes. First, the homogeneous texture of the iron 
from which wires or flat plates are made, is favourable to tluj 
extensive development of magnetism. Secondly, the same 
quality favours its neutralization, when the exciting cause is 
withdrawn. Thirdly, the sum of the actions of so many 
highly charged magnets, and lastly, the mutual neutralizing 
influence of the individual magnets of a similar polar arrange- 
ment. This last is by f^r the most important consideration. 
The following experiments, throwing light on this point, will 
be regarded as novel, and have an important bearing on the 
suyect of magnetism itself. 

Take a piece of fine iron wire, carefully annealed, three or 
four inches in length, and touch it once with a common st<‘cl 
magnet. Peing very soft, it yields readily to the inductive 
influence, and as its length is very great, com})ar(Hl with its 
breadth, if carefully handled, it will be found to retain sefli- 
cient power to hold more than its own weight. Hold it now 
by one end and snap the other with thumb and finger, and its 
magnetism will be instantly lost. The same quality ot‘ the 
iron which favoured the extensive development of magnetism, 
favoured al^o its neutralization on the distur])ance ol molec'u 
lar forces. The transition here was so sudden and decitled, 
that I was led to try the influence of a magnet thus optjraled 
upon, in developing electricity. A long ])iece of iron wiie, 
retaining considerable magnetic power, was sus])ended so as 
to vibrate freely in a spiral of copper wire. .V smart rap uj)on 
the suspended iron wire, determined a strong galvainc current 
through the copper spiral, as indicated by the galvanometer. 
The result, though readily anticipated, was nevertheless very 
striking. Again, take a number of pieces of flue iron wire, 
and magnetize them separately, so that each by itself will 
hold its own weight; combine them now in a bundle, and in- 
stead of the aggregate lifting power of the elements, you 
scarcely realize the power of one of those elements, owing to 
the neutralizing influence of the similar poles. It is the co- 
operating, neutralizing effort of similar poles, that chiefly 
determines the superior value of the compound electro-mag- 
net for magnetic electrical experiments. The fact that very 
fine steel wires answer almost as well for these magnets as 
wires of soft iron, strongly corroborates this last position. 
For the knowledge of this curious fact J am indebted to Mr. 
Daniel Davies, philosophical instrument maker, of Boston. 
A bundle of fine steel wires when wound, give a bright spark 
and strong shock, whereas the same amount of steel in a 
solid bar, produces a hardly perceptible augmentation. 
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2 . Ac//' Magnetic Electrical Machine, or Magneto- 

Electric Multiplier y convertible into an Elect ro~ Magnetic 
E 7 )gine, In order that this machine may be readily com- 
prehended, it will be necessary to make a i‘ew brief prelimi- 
nary observations, and to aclvcrt to the discoveries which led 
to its invention. When a piece of soft iron enclosed in a 
helix of wire, is rendered a magnet, by the approach of a 
magnetized bar, a current of electricity flows through the 
helix (during the development o/ magnetism) in a direction 
contrary to that of a galvanic current, which would render 
the ])iece of soft iron a magnet of the same character. With- 
tlraw the inducing magnet, and during its withdrawal, or the 
neutralizing process in the piece of soft iron, the direction of 
the electric current in the helix will be the same as that of a 
galvanic current which would render the soft iron a magnet 
of similar polar arrangement. Similar momentary currents 
are excited when the exciting cause is a galvanic current. 
Completing the galvanic circuit with the helix, determines a 
current flow ing against the battery current. Breaking the 
circuit, determines a current flowing in the same direction 
with the battery current, which produces the bright spark. 
Any disturbance of magnetic forces is accompanied with a 
disturbance of electric etjuilibrium. It is well known, that 
an electro-magnet, possessing an immense lifting power when 
its poles are joined by an armature, exerts a comparatively 
feeble action at a distance. The reason is this ; the two mag- 
netic forces or poles are tending constantly to neutralize or 
disguise emch other, the softness of the iron favours this mu- 
tual action, and the wdiole amount of magnetism developed 
cannot be perceived, until the magnetic forces are insulated or 
determined towards the poles by the application of an arma- 
ture. The application then of the armature must occasion a 
considerable disturbance or movement of magnetic forces, and 
give rise to an electrical current in the wires. The direction 
of this currejit can easily be predicted, from what has been 
before said. The application of the armature is equivalent 
to the further development or separation of magnetic forces : 
hence the new current will flow again^ the battery current. 
When the armature is pulled off*, the new current is in the 
same direction as that of the battery. And if the magnet 
wires be so arranged that the galvanic circuit may be broken 
at the instant of pulling off the armature, it will be found 
that the magneto-electric spark and shock will be far greater, 
than can be obtained by simply breaking the circuit, without 
the aid of this operation. Thus we have a new method of 
augmenting to a great degree the iiiagncto-electric currents 
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from an electro-magnet. The application of tlie armature 
contributes to the development of magnetism, and on the 
simultaneous withdraw al of the armature, and tlie gal\ anic 
current, the wdiole amount is suddenly neutralized/^ ddie 
current developed by the apphcatio7i of the armature, f have 
appreciated by the following experiments, and 1 find its con- 
sideration to be of vor}' great importance in the application of 
electro-magnetism as a moving powder. 4 his subject will be 
considered at some future time, and at present I shall bo con- 
tent with giving L'rielly the reason-s why we cannot increase 
the power with economy, whvre a great uund)t?r of magnets 
are charged by the same battery. 1. d'ho motion ot“ attract- 
ing poles towards each other, actually diiniiiishes the power 
of each magnet, by determining a curient agaiiu-l the current 
of the battery. 2. The succession of similar or re})elling 
poles, determines a current also against (hat of t'le l>atierN. 
3. The wdthdraw'al of attracting poles (vvhieh must be tdleeled 
by ineehanical power, and is of course diiectly against an 
independent inovomcnt) maintains the power of the magnt'ls, 
as the new' current is then in favour of th(‘ battery euvn'nt. 

Rxp. — To test tl'ie vahui of lliese sec(>ndarv currents, I 
included a galvanoscope in the circuit with an ehH tvo-niagnet. 
and j)laced the needle beyond the direct iidluence of tlie mag- 
net, On bringing up the arnmture, the needle returut'd lour 
dcgree.s. and on suddenly applying it, the jjfaaile swung nearly 
hack, but immcaliately returned to nearly its original (kdlee- 
tion of 40“. Suddenly pulling oif th<‘ armature, (he maalle 
sw ung over 90“. I'he following expeiiineiit is •still mor<^ 
striking. Connect two elect ro-magnets, so that tin y shall 
be charged in secjueiice, but at the same lime, and with lh(‘ 
same ])altery. Load one of them with about as much as it 
will hold. Apply the armature to the other magnet, and the 
weight of the first magnet will immediately drop. The same 
may ht* repeated w ith either magnet. The power of (his re- 
acting current, as it may 1)6 called, is in proportion to the 
numher of magnets in use charged by the same battery, the 
number of coils of w ire covering the magnets, and lastly in 
proportion to the rapiViity of motion. 

The operation of the magneto-electric multiplier will now 
be understood at a glance. It is simply an electro-magnet, 

* A steel magnet gains pow'er slowly when its poles are armed 
and loaded simply by determination, or insulation of its poles. 
Pulling off the armature again weakens its power. Jerking it sud- 
denly off, weakens it still further. In this case the magnetic forces 
seem to accpiire momentum, and go beyond their original statical 
development. 
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■with a revolvint*' armature andUreak-piece. The revolution of 
the armalure is of course equivalent in its effect, or nearly so, to 
its reclilincar aj)proach and abduction, a fig. 2, plate XIll. is 
a small comjmund electro-magnet, 12 inches in length before 
bent , (‘omposed of .iOd fine iron wires, covered with 5 superposed 
coils of large copper wire, No. 1(1, and 7 layers of line 
copper wire. No. 2(1. h, c, are the terminations of the 
small wire, d, /, the terminations of the large wires. 1, is 
a w^ooden strap, which, with a hi*»cling screw, secures the 
magnet to th(‘ w' 0 (;den block k. s is a brass strap, to hold 
111 ml} the ])oles of the magnet, e is the armature of soft iron, 
which, widi the small brass pulley, is fitted firmly to the 
shal't. o. the uudtiplying. wheel. ??, is the break-piece, 
w bi( b is meicly a (“opper ferule dissected, and filled up with 
W'iod or ivoiy, as rcpresenied by the shaded spaces. I, one 
of the magnet wires bent up. ]>lays upon the whole portion of 
tlie ferule: and ;//, one of tlie bat tcry wires, plays iijioii the 
break-piceo. 'J'lie otlnu* battery wore is to be connected wdth 
the mereury cup d. Adjust now the break-piece, n, or the 
C()])p('r wure, at, so that tlie circuit shall be broken at the time 
or immediately after the armature leaves the magnet, and turn 
the multiplying wheel o. The sparks and shocks thus pro- 
duced. will be found far greater than when the circuit is 
broken while the armature is approaching. The break -piece is 
readily ailjusted, so that the armature revolves of itself with 
grt'al rapidity ; but in this case also, the sparks and shocks* 
are at once diminished, as the source of magnetism must he 
cut off behiie the armature arrives at its equilibrium. W ilh 
things thus arranged, connect the two ends of the small wire 
/>, c. (This wire is insulated, and entirely independent of the 
large wire.) The revolution of the armature is now^ suddenly 
slopped. The flowing of the secondary current after the gal- 
vanic is broken, keeps up or prolongs the power of the magnet 
so as to retain the armature. As a proof of this, set the 
s})ring and break- piece so that the magnetic powxr shall be cut 
off, sometime before the armature arrives at equilibrium. It 
revolves of course slowly. Connect now the ends of the small 
wire c, and it immediately revolves with rapidity, the pro- 
longation of magnetism by the secondary, contributing now 
to the motion of the bar. Here then the secondary becomes 
a new source of magnetic power. This instrument, when the 
armature is revolved mechanically, affords a shock from b, c, 
both when the circuit is completed and broken. The sparks 
are exceedingly brilliant, and the shocks so powerful that 

* The shocks are taken from the cups 5, c. 
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they are sometimes felt by the bystanders through the floor. 
The light from charcoal points is intense. It decomposes pure 
water, and charges the l.eydeii jar. But its most remarkable 
and novel properly is that of giving a slight shock without 
breaking the circuit, and while the galvanic currt'iit is liowiug 
without obstruction. 'J'o effect this, place the spring-wire w, 
with ly on the whole portion of the ferule and turn the wheel. 
A slight shock will be felt at/>>,c, being simply the conset^uence 
of magnetic disturbance by the motion of the arjnature. A 
single thermo-electric pair of bismuth and antimony plates 
heated and oooIckI, alfords a shock which is felt as far as the 
wrist. 

IVafikhigtOiiy jO.C,, 

Jane 183^. 


TXIII. On an electro-magnetic Indicator. Hy J. T. 

Quekett, F.sq. Jn a letter to the. Kditor of the Anna/s of 

Electricity. 

Sir, 

Knowing that considerable difficulties are experienced by 
lecturers and others in the explaining to the uninitiated the 
action of electric currents on the magnetic needle, 1 havo 
contrived a little piece of apparatus, which J call my electro- 
magnetic indicator, for the purpose of illustrating the sugges- 
tions of Ampere, and which 1 think will not only assist in the 
comprehension of his views, but tend to fix more permanently 
in the mind this important principle. The construction of it 
is as follows : — 

Let A B represent a pieceof wood about eight inches long and 
four wide, into which is morticed, at a convenient distance from 
one end, an upright, C D, five or six inches in height, and 
of the shape represented in fig. 3, plate XIII ; on the inner 
face of this upright are fastened two concentric circles of 
brass, K F, also seen in fig. 4, and in section in fig. 4. 
These circles are about a quarter of an inch wide, and the 
larger is three inches and the smaller two inches in diameter. 
To the larger or outermost of these circles is fastened a wire, 
P, for communication with the positive pole of a battery, ancl 
to the inner anotlier wire, N, for the negative pole of the same 
battery. W W' is a piece of brass wire bent as represented, 
and its ends kept apart by a piece of ivory, IF, through the 
middle of which is a hole for receiving a screw, M, fig. 3. 
The end, W, of the wire is made quite smooth and moves on 
the outer circle, E, whilst the end, W', moves on the inner 
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circle, These ends are kept in perfect contact with the 
circles, E E, by means of a spring, G G', which is interposed 
between the head of the screw, M, and the ivory, 1 1'. The 
screw also forms an axis on whiph the frame, W W', is made 
to turn ; the pressure to ensure perfect contact being made 
by the nut, L, as seen in fig. 3. h'rom the head of the screw, 
M, we have a smaller wire proceeding, and bent three times 
at right angles as seen at H, its free end being pointed for 
the purpose of allowing the magnetic needle, N S, to move 
on ; which needle, for the convenience of persons at a distance, 
has on its respective poles the cardboard letters N S. 
Attached to the wire frame at W, is a little wooden figure 
with its face fronting the needle, and in its right hand is 
placed a litile staff to which another letter N is attached. 
On the wires, P and N, are fastened arrows, also cutout in 
cardboard, to show' at a distance through w'hich wire, and 
in w hat direction, the current is passing; the letters N and P 
being also used to denote which electricity is employed. 

Such is the description of the apparatus. Now for its appli- 
cation. 

We will suppose that the wire, P, is in communication with 
the positive pole of a battery, and N with the negative pole ; 
the arrows then will show that a positive current is passing 
from tlie lieacl of the figure towards its feet over the needle, 
N S ; we shall then find that the north pole of the needle, on 
wliich the letter N is placed, 'will move towards the right 
hand of the figure. But the wire frame, W W', has amotion 
round M as centre, and can be placed in any position, w ith 
respect to the needle, N S, that we may please : the contact 
with the circles, EF, being always preserved by the spring, 
GG^ If now the frame work be turned so that the figure 
be exactly under the needle, the north pole will still move 
towards the right hand of the figure, anci it will be observed 
that the right hand is now' in an opposite direction to w'hat it 
was at first. Again, if the wire be turned a quarter of a circle 
either backwards «r forwards, so (hat the plane of the wires 
corresponds with the plane of the needle, the north pole, N, 
will then dip up or down according to whether the right hand 
of the figure point upwards or downwards ; in fact, as long as 
the current remains the same, the north pole of the needle 
will always move to the right hand of the figure, in whatever 
position the frame, W W', be put. If a negative current be 
passing through the wire, P, the reverse law obtains. All 
these conditions with one current may be shown without 
removing the wires, P N, from the battery ; but the motions 
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of the needle will he more striking if they ho taken out pre- 
vious to the shifting of the frame work, \V W'. 

Should you think the above worthy of a place in your 
Annals, the insertion of it wilj oblige, 

Your obedient servant, 

50, fVellclose Square. J. T. QUi:KEri\ 

P. S. Since the above was written I have made an 
improvement in the circles of brass, E V. Instead of having 
on the outer one a continuous metallic surface, I propose to 
have at the four quadrants little pieces of brass soldered on, 
and the space between these pieces of brass to be fdh'd up 
with wood, so that when the wire touches lht‘ wood the cur- 
rent ma}" be stopped, and, consequently , whmi the wire frame, 
W \V , is being moved on the wood, the needle will return to 
its original condition, and only be again acted o!i when the 
current is allowed to pass by means of the pic'ce of brass at 
the (juadrant ; this contrivance will siqxirsetle the nec i'ssity 
of removing the battery wires when we wish to show I he 
action of all the currents in succession, d'his nH)de of making 
(jontact will probably be of some service to those engaged in 
telegraphic and other applications of electricity. 


EXIV. Prelbn'innry observations on an cxpe.rimeyit on the 
action of Perchloride of Platinum ( Plat.lnchlorid ) on 
•dcetone. Wim.tam C. Zeise, of Vopcvilia^cn.^ 

When a solution of perchloride of platinun^in about two 
and a half parts of acetone is distilled to a syruj)y consist- 
ence, and the distillation of the product is once or twice 
repeated, we obtain a mixture of a variety of new combinations 
in the several chlorides thus produced. The liquor which 
last distils over is rich in muriatic acid, and contains at least 
one setherial body. The different compounds thus mixed 
together, are difficult to obtain in a separate and pure slate : 
and although T have already devoted muchdime to accomt)lish 
this object, T am, nevertheless, not certain that 1 have ob- 
tained them all in pure condition. Of these compounds, 
there appears one which deserves a particular description. It 
is a yellow crystallizable body whose elementary composition 
is 

P1-I-2C1-I- 6C-f- lOH -f-O. t 

* Poggendorff’s Annalen der Physik undCheinie. Band XLV 
Stuck 2. Translated by W, 

t The original formula is Pt-l-2Cl-l~6C“l-- lOH-pO. Trans. 
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prrchloride of plntinum on acetone. 

Ill orcL'r to obtain this conipouml, I agitate the brown acid 
tar-like rt^sidin', with fre.sh poitions of water, as often as that 
lirjuid assumes a brown yellowish colour, and then quickly 
filter the solution through a lificn cloth, for the purpose of 
separating the undissoived resinous or jntch-like matter. 
"Fhe solution soon becomes turbid from the lower part upwards, 
aiul in the < ourse of half an hour or an hour, a tolerable large 
quantity of small yellow crystals form and precipitate in the 
li([i^>r. 1 now decant tlie mother diquor and place it in a 

vacuum over sulphuric acid, either wdth lime, or hydrate of 
potassii, until it has evapiirated to a brown crystalline mass, 
d his crystalline substance I now" treat with w^ater in the same 
manner as i treated (lie tar-like substance in the first instance ; 
hy which means I obtain another portion of the new crystal- 
]i/,a]>le compound : but this latter portion is generally of a, 
de(‘p brow n colour. In order to obtain it pure, I dissolve it 
in the acid liquor obtained from the first distillations of the 
perehloride whth acetone, and distil this filtered solution down 
to a syrupy consistence, and treat this residue with repeated 
eifusions of watcu' in the manner already described. Finally", 
in order to remove every trace of brown colouring matter, I 
plac e tlie last ol^tained crystalline product between folds of 
blotting paper, and after its being well pressed and dried I 
dissolve it in acetone, filter the saturated hot solution into a 
wide-mouthed glass vessel; and when cooled, decant the 
licpiid part i’rom the deposited crystals. This liquid I cau- 
tiously distil down to that state w hich will ensure the greatest 
|,uirt of it U'f cu'ystallize. The crystals, thus obtained, are 
washed in a small pen-tion of acetone and then dried. I have 
alscj ohiained a considerable* quantity’^ of this compound by 
placing a given quantity of acetone mixed with perchlcn*ide of 
platinum, in a well closed glass vessel : agitating the mixture, 
and afterwards permitting it to stand unmolested ibr twenty- 
four hours. I name this new compound Metacechlorplatin. 

Metacechlorplxtin is of a sulphur y-eliow" colour; the cr 3 's- 
tals are small and dillicult to describe with accuracy : it is 
almost devoid of all smell. When dried at the common 
temperature of tlie air, it loses nothing hi weight hy being 
placed in a \acuum over sulphuric acid ; not e\ en when the 
temperature is raised to above UlOk It inflames with facility, 
burns with a jiartially green flame and leaves a residue of 
platinum of a silvery white colour. Heated in a retort it 
blactkens, and without swelling up, yields an abundance of 
odourous vapour, peculiar at the commencement, but which 
afterwards has a strong smell of muriatic acid: a part, at 
least, of w liich vapour is easily condensed to an oily substance. 
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The carbonaceous residue burns slowly in the open air, some- 
thing like tinder, and leaves silvery white platinum behind. 
Scarcely any of it is dissolved by water at common tempera- 
tures, but when heat is applied, a portion becomes dissolved, 
and forms a yellow solution; which, however, holds but very 
little of the salt. By boiling, this solution yields a brown 
flocculent substance, whil>;t the undissolved portion becomes 
transformed into a brown slimy mass, without any observable 
appearance of metallic platinum, j^^ther does not apj)ear to 
dissolve this body • and alcohol, at common temperatures, 
has but a feehje action on it, though, by heal, some little 
becomes dissolved in the latter medium, which assnmt‘.s a 
yellow colour, and which, whilst cooling, deposits a yellow 
crystalline powder. Muriatic acid, even when concentrated, 
operates upon it only at a high temperature: the acid solution 
endures a boiling heat without any observable cluinge. By a 
solution of potassa metaccchlorplatin is easily dissolved, form- 
ing with it a brown liquid. A solution of chloride of potassium, 
or chloride of sodium, also dissolves it by heating : and the 
yellow coloured solution denotes no change by submitting it 
to a boiling temperature. 

Idle determination of the carbon and hydroygen was accom- 
plished by burning a portion of the new compound, with 
oxide of copper, and another portion with chromate of lead. 

The conij)osltion of metacechlori)latin 

^ ' H ‘ o 

when compared with that of acetone indicates 

that (H*C)) has become dis[>laccd by the introflnctioii of an 
atom of the chloride of platinum. There appears, however, to 
be several other chloro-comhinations formed simultaneously 
wnth this one ; and, therefore, the chemical inlerchanges may, 
perhaps, bo of a somewhat more complicated nature. At all 
events, it is probable that there is formed a compound con- 
sisting of two atoms of chlorine and tw o atoms of hydrogen, 
in the same manner as by the action of perchloride of platinum 
with alcohol ; and there is also formed, by the reaction of 
one atom of oxygen, one of the compounds of a corresponding 
character with aldehyde (Consult my essay on the inflammable 
chloride of plalinum in this Annals,* Vol. XL. p. 2.51). 
This compound assimilates itself also with those products of 
acetone with sulphuric acid, muriatic acid, &c., described by 
Kane (See Transactions of the Royal Irish Academy). It also 
appears worthy of observation, that whilst by the action of 
perchloride of platinum on alcohol two atoms of chloride 

* Poggendorff’s Annaien der Pliysik und Chemie. 
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combine with one atom of acthcrin \)y allowing 

only one atom of chloride, still H "0 (and, perhaps, as the 
representative of the second atom of chloride), with 11“ 
forms a distinct combination. , 

W hen the brown crystalline mass, obtained in vacuo, has 
yielded its last portion of inetacechlorplatin, there remains a 
sour brown liquid behind. If this he heated in a retort, it 
hecomes troubled and exhibits a tolerably brisk effervescence, 
yielding, at the same time, an oily Jooking fluid which passes 
over ; and in less than tlie course of an hour there forms in 
the, now almost colourless, fluid a great quantity of small 
flakes of a coal-black matter. Of this substance I shall make 
no farther remark in this plac<s than that, when gently heated, 
it inflames with explosion. For the present I name it pyrace- 
vhlorplaf in . 

When the original syrupy product, of the distilled solution 
of the chloride, has yielded the whole of its soluble portion 
to the water, there remains a considerable quantity of a dark- 
brown pit(rhy matter; which for convenience I call platinharz. 
At common temperatures this substance is as hard and brittle 
as rosin, exhibiting a glassy fracture: and when very carefully 
cleansed with water, and then dried in a vacuum over sul- 
phuric acid and hydrate of potassa, it becomes very easily 
pulverized. hen something warm, it becomes as soft and 
pliable as wax, and is easily drawn out into threads. When 
inflamed, it emits a brilliant flame, which near disorder is 
of a greenish tinge, and leaves metallic platinum. Heated 
in a retort i> swells considerably and emits an abundance of 
fumes, some part of w'hich very easily condenses ; and the car- 
bonaceous residue burns slowly in the air, leaving platinum. A 
solution of potassa dissolves the resin completely, acetone 
nearly all of it, and al(!ohol and aether a sensible part. That 
portion which does not dissolve in the two last-mentioned 
liquids, forms a solution with acetone, from which aether 
separates a dark brown substance, dissolvable only in acetone 
and solution of potassa. This substance, for the present, I 
call chloraceplatin. That part which is dissolved by alcohol 
and asther, appears still to contain twodisftinct bodies. These, 
as well as the inetacechlorplatin, and the remaining primary 
and secondary products, I hope, soon to be able to give a 
more copious description. In connexion with this enquiry, I 
am also preparing for an examination of the action of metace- 
ton, pyroligneous spirit and oil of turpentine with perchloride 
of platinum. 1 also think of examining some other metallic 
chlorides and haloides with reference to those I have already 
studied. 
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LXV. On some electrical experiments. Bij M. Vookt, 
Director of the Department of A'atuxal Science, in 
Felix Mertis. In a letter qddressed to the Editor of the 
Annals of Electricity, ^c. 

On reading your memoir on the electric fluid, wliich 
appeared in the Annals fi;>r June last, I became desirous of 
making known to you an experiment which 1 have niatle two 
years ago and communicated to our Society, Feiix Mcrlis, to 
prove my conviction that there is a difference between tlie 
force of the positive and negative electric fluids, if two such 
forces do exist ; or that, if we were stilt to keep close to Dr. 
Franklin’s theory, which I always admired, its passing from 
one place to another might be made visible. I'or this pur- 
pose I employed the following apparatus : — 

Let rtand a' . fig. 5, Plate XIII., be two small Leyden jars 
of three inches high and wdthout covers, having the two con- 
ducting wurcs of thin brass fastened in the bottom. C’harge 
them at the same moment in the usual way at the conductor 
of an electrical macthine, only to a low degree : tlum place 
them on another table at a great distance from the machine 
to avoid every inllueiice. Put one of these charged jars on a 
stand of glass g, and the other on the table as show n in the 
figure, j^tweeji the.se jars place a glass pillar, o, having 
a steel ]^int on its top, and on that point, an index of 
12 inches in length is placed, which may meve freely in 
any direction. Ibis index is better represented in fig. 0, 
'where c' is the agate cap w hich rests on the ])ivot ; a 
capillary glass tube with a fine copper ring at its outer 
extremity; and c c' a thin c‘opper wire wilh small coun- 
terpoise. In commencing the experiment the ring should 
be held fast either with tlie finger or, which is better, 
by a piece of glass, just in the middle between the outside 
of the jar on the glass stand, and the conducting rod resting 
in the inside of the other ; so that it has pins atid minus 
electricity on the op])osite sides of it. If there be no current 
of air nor moving of persons to disturb its tranquillity in the 
room, conditions highly essential to ensure exact results, you 
will perceive that, on leaving the index to itself, exactly at 
right angles to a right line joining the two jars, it will 
instantly move first to the positive side, (towards the rod of 
the jar a', on the table) where it will take a certain quantity 
of electricity : enough to cause it by repulsion, from thence 
to go over to the nrgative side of the jar a, which is plaSltl 



Mr. Sturgeon, on a curious voltaic erperirnent. 493 

on the glass stand ; and in this manner it will play to and 
fro for a few minutes, causing the charge of the two jars to 
diminish sensibly. Out of a hundred experiments of this 
kind, the first movement was^eighty times towards the positive 
surface ; and wlienevor the first motion of the index was 
towards the negative surface it was not difficult to see that 
there was a defect in the manner of operating either by a 
little motion of the hand whilst leaving the index, or from 
some other cause. I need not observe to you, sir, how difficult 
it is to proceed with accuracy in such extremely delicate 
experiments. If the jars are loaded too strong the move- 
ment of the index will be too swift and uncertain. There 
must be just enough force,* and no more than is wanted, to 
produce a gentle movement. 

With high regards, T am, 
.Amsterdam,, Your obedient servant, 

December 25t/i, 1 838. A. VOORT. 


LX VI. Curious Voltaic Experiment. 

We are indebted to Mr. Porrett for the discovery of a dis- 
turbance of the common hydrostatical level of water by voltaic 
action. Mr. Porrett ’s interesting experiment is well described 
in the 8 th. volume of the Annals of Philosophy. The arrange- 
ment consisted of a glass vessel divided into two compart- 
ments by a bladder partition. “ One of these codtpartments 
having been filled with water, and left for several hours, was 
found to have retained the water. 'I'he bladder, therefore, 
was not sufficiently porous to allow the water to filtrate 
through it. The cell filled with water, was now positively 
electrified, with a (voltaic) battery of 80 pairs of inch 
double plates, and a few drops of water were put into the 
empty cell, so as to cover the bottom of it. This small quan- 
tity of water was then negatively electrified’’ by placing in 
it the wire from the negative pole of the battery. Indepen- 
dently of the decomposition of a small part of the water, 
which of course took place in the usual nj^anner, the principal 
part of it obeyed the impulse of the voltaic current, from the 
positive to the negative tvire, first overcoming the resistance 
occasioned by the compact texture of the bladder, so as in 
half an hour to have brought the water in both cells to the 
same level, and afterwards overcoming the additional resist- 
ance occasioned by the gravitation of the water, by continuing 
to convey that fluid into the negative cell, until its surface in 
that cell was upwards of ^ of an inch higher than in the posi- 
tive cell.” This experiment has been repeated by M. De la 
yoL. III.— .Vo. 17, March, 1839. 2E 
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Rive, and Mr. Mullins, with similar results.* But the for- 
mer gentleman has slated that he could not succeed unless 
distilled or river water was placed in the cells, for when he 
employed a saline solution of a proper strength no sut h effect 
of impulsion was percoptible.f 

Having ascertained the correctness of the statements of 
Mr. Porrett, I became desirous of knowing whether or no a 
feebler voltaic intensity would produce a similar effect by a 
longer continued action: and as earthen -ware diaphragms are 
now much employed for separating the copper from the zinc 
of a voltaic pair, I employed an unglazed stone- ware jar, 
which was kindly given to me by Mr. Gassiot, for a first trial. 
This jar is about G inches high and .‘H diameter. It was 
partly filled w ith a solution of carbonate of soda, and placed 
in a larger jar of porcelain, which w-as afterwards filled about 
half way up with a solution of sulphate of copper. A c\lin- 
der of rolled copper, sufficiently large to envelope the diaph- 
ragm, was placed in the sulphate of copper, and a small cylin- 
der of* zinc in metallic connexion wdth the former, was placed 
in the solution of soda. I'he liquids inside and outside of 
the Slone- ware diaphragm were of precisely the same altitude. 
In three days a difference of altitude in tluj two liquid columns 
was very perceptible, and in about ten days from the com- 
mencement of the experiment, nearly the whole of tlie liquitl 
in the zinc cell w as driven through the stone- w are partition 
into the outer compartment. Tin; copper solution was so 
completely decomposed, that scarcely a trace could be detected 
by liquid ammonia : and but a ver^ slight tin^e was given 
to litmus paper, showing that the acid liberated from the sul- 
phate had been either neutralized by the soda, or decomposed 
by acting on the zinc : or its disappearance w^as j)rohably oc- 
casioned on both these accounts. A thin crust of salt, fpro- 
bably sulphate of soda) covered the moisture which was left 
in the bottom of the diaphragm, and the zinc was much cor- 
roded and partially covered with a w hite matter, partly soluble 
and partly insoluble in water, the latter portion being a car- 
bonate of the oxide pf zinc. I have repeated the experiment 
with precisely the same results, obtaining a difference of al- 
titude of four inches in the two liquids, the filtration being 
always in the direction of the electric current. I have also 
obtained similar electro-transportations of liquid media 
through diaphragms of common tile, and soft red brick, and 
I have no doubt of their being obtainable, by sandstone and 
even thick masses of granite. 

WILLIAM STURGEON. 

* Annals of Electricity, &c., Vol. I. p. S06, 

+ Ibid. 
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LXVII. Description of a netv Galvanic Battery. 

Mr. Grove has made a voltaic battery consisting of alter- 
natf^ plates of iron and ungli^zed porcelain, fixed in a mill-board 
box, at some distance from one another, like the plates of a 
( h uickshank’s battery. When the alternate cells are filled with 
a solution of the sulphate of copper, one side of each iron 
plate, soon becomes coaled with copper. The battery now 
consists of copper and iron, as decidedly as the Cruikshanks 
consists of copper and zinc ; so that wdien the other alternate 
c<‘lls are filled with any li(juid which will not act on the other 
face of the iron plates, the battery is ready for experiment. 
This is an exceedingly ingenious contrivance, but can only be 
used to advantage when solution of copper is one of the liquids 
employed. 

The battery I am about to describe will be found exceed- 
ingly usclul either for display on the lecture table, or as an 
implement of research. It consists of a rectangular wooden 
box as represented at the bottom of Plate IX., in which are 
cemented a series of voltaic pairs of copper and zinc, in the 
Cruikshank form. Every cell formed by these metals is 
divided into two compartments by a diaphragm of mill-board, 
also cemented into the sides and bottom of the box so as to 
be completely water-tight. The figure represents six metallic 
pairs and five diaphragms, the former by the light partitions 
and the latter by the shaded ones. As the mill-hoard is per- 
vious to aqueous liquids it is obvious that any two kinds may 
be employed whi(4i may be found most suitable to operate 
with, the one on the copper side and the other on the zinc side. 
Twelve plafe,s, (J inches square, answer very well for decom- 
posing acidulated water when a solution of sulphate of copper 
occupies the copper cells, and a dilute solution of soda the 
zinc cells. Such a battery will be found to possess many 
recommendations. 

WILJLIAM STURGEON. 

LXVII I. On. J^oltaic Deco?n posit ioiis. G. Mackkell, 

Esq. Communicated in a letter addressed to To J. P- 

Gass lot, Esq. 

Read before the London Electrical Society Jan. 15, 1839.* 

Cloudesly Square, 

December 27^ 1838. 

Dear Sir, 

The experiments I am about to detail, and the conclusions 
at whith 1 have arrived from them, having originated from a 

♦ Coininunicated by the Author. 

2E2 
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paper read by Mr. Walker, at the Electrical Society, detailing 
some very remarkable and valuable experiments made by 
yourself and other gentlemen, at Clap ham, has induced me 
to place this communication in yotir hands, to be used, as in 
your discretion you may think proper. 

In the paper I have alluded to, many anomalies were shown 
to exist, in decomposition, with batteries arranged both in 
series, and not in series ; and this led Mr. Pollock and myself, 
to undertake some experiments to endeavour, as far as possi- 
ble, to elucidate their causes. 

The galvanic arrangement we employed, consisted of 4S 
cells ; the copper cylinders were 9 inches in circumference 
and three inches in depth ; the zinc 6| inches in circumfer- 
ence and three inches in depth, separated from each other by 
a diaphragm of brown paper ; the solutions were sulphate of 
copper and salt and water : a quantity of the salts were placed 
in the cells to keep the solutions saturated.* 

The battery was arranged in the usual way, and after 
allowing it to remain a short time, for the diaphragms to be 
moistened through, we tried the decomposing power of the 
whole 48 cells in union ; and found that it produced one cubic 
inch of the gases in 59 seconds; considering this action to be 
very weak, we allowed the battery to remain about half an 
hour, when we again repeated the experiment, and found that 
its action had considerably improved: now evolving the same 
measure of the gases in 49^ seconds, and it continued at this 
rate the whole period of our first experiments. ^ 

The arrangement was next formed into six batteries of 
eight cells each, so that the positive poles might be brought 
into one cup of mercury, and the negative poles into another 
cup. For convenience, each battery was designated by a 
letter, and the time occupied in producing a cubic inch of the 
gases was as follows: — 

A — 2 experiments, each 60 seconds. 

B~2 
C-~2 
D— 2» 

E-~2 
F— 2 
A&B— 2 
A,B,&C—2 
^,B,C,&D--2 
A,B, C, D,&E— 2 
A,B,C, D,E,&F— 2 

* The fH>lution in the voltameter was one sulphuric acid of com- 
merce ^nd eleven distilled water, by measure. 


53 

57 

60 

63 

52 

32 

24 

21 

19 

17 
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The view we entertained previous to obtaining these results 
was, that the quantity of the gases evolved by the several 
batteries when united, should be equivalent to the sum of the 
quantities evolved by the same batteries in a like period of 
time when acting separately; thus* the batteries A and B 
should have produced the cubic inch of the gases in 28^^ se- 
conds, but it will be seen that it required 32 seconds; clearly 
showing that considerable interference had taken place. 

Jt must be confessed, that there are several causes in 
operation, while performing experiments, which prevent a 
perfect agreement, between observation and hypothesis. In 
the first place ; may not the wire itself in its employment be 
a cause of this disagreement, by introducing a dilference of 
surface of copper in the cell to which it is attached ; and does 
it not also interfere in the essential regularity of the voltaic 
arrangement, by being fixed to the zinc plate of the other 
extremity of the battery ; and may not the state of the mercury 
be a cause of disagreement, by introducing a foreign and, 
therefore, an interfering action, by the admixture of the 
metals with which it becomes amalgamated during its em- 
ployment ; to which causes may be added the unequal insula- 
tion of the different batteries. 

Believing, however, that we had perceived a certain pro- 
gressive degree of regularity, when the batteries were brought 
successively into union, we determined to extend our investi- 
gations. 

The arrangement was again made in batteries of eight cells 
each ; the positive electrodes were all brought to one side, and 
the negative ones to the other. This mode was adopted to 
prevent any accidental contact with the wires, which we feared 
might have occurred, although every precaution was taken to 
prevent it : in every other respect the arrangement was as 
Defore, and the time in obtaining the cubic inch of .the gases 
was, with battery 


A — 3 experiments, each 

B— 2 

— 2 „ „ 

D— 2 


E— 3 
F— 2 


9 > 


99 

99 


57 

58 

190 

60 


seconds. 


It will be perceived there was a considerable defect in battery 
E; it was therefore removed from the arrangement; — the re- 
maining batteries were again tested, and finding the results 
as before stated, we proceeded with batteries 
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A & F— 2 

experiments. 

each 32^ seconds. 

a & F— 2 

>9 

99 

35 

C & F— 2 

9> 

99 

32^ 

D&F— 2 

99 • 

99 

32J 

A,B,& 2 

99 

9 9 

25 

A,C,&D— 2 

99 

99 

25i 

A, B,&F— 2 

9* 

99 

25i 

A, B, D, & F— 3 

99 

99 

22 

A, C, D, & F— 2 

99 

99 

21 

A,B,C,D, &F— 2 

99 

99 

191 


Having obtained these additional results, we now proceeded 
to find the ratios of the ditferences, with a view of ascertain- 
ing if they were governed by any regular progression. 

It will be found that the mean time required to produce a 
cubic inch of the gases, in the second set of experiments, 
was with 

A single battery 58.8" 

Tmo batteries 33.12 ' 

Three ,, 25.33' 

Four ,, 21.5" 

Five ,, 19.5" 

but if the batteries were acting separately the results would be 
For one battery 58.8 ' 

Two batteries 29.1' 

Three „ 19.0" 

Four ,, 11.7" 

Five „ 11.70' * 

the difference, therefore, arisiring from interference, between 
the view we had taken and the experiments, will be 

In two batteries 3.72" 

Three „ 5.73" 

Four ,, 0.8" 

Five „ 7.74" 

From these ratios, it appears that the following formula will 
very nearly give the true result. a being taken for the 
excess of time required for two batteries in union, over the 
same two batteries when acting separately. In the foregoing 
case, a is seen to be 3. 72" ; then a-|-| will express the excess 
for three batteries; that for four batteries; 

^ -F T that for five batteries ; and so on ; thus 

+ T + T • • • • +n^i ^ batteries. 

The following table will show the result from our experiments. 
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Mean time 

by 

experiment. 

Mean time of 
batteries were 
aclinic sepa- 
rately. 

DifTerence. 

Difference by 
the proposed 
formula. 

First sot of 
exj>orinieu«s. 

1 battery. 

*3 

57.5" 

32 

67.5'' 

28.75 

3.25" 


3 

24 

19.17 

4.83 

4.87" 

4 

21 

14.37 

6.63 

5.96 

5 

19 

11.5 

7.5 

6.78 

G 

17 

95 

7.5 

7.43 

‘Secontl set of 
experiments 

1 battery. 

2 

1 

58.8 

.33.12 

' 58,8 

29.4 

3.72 


3 

25.33 

19.6 

j 5.73 

6.58 

4 

21.5 

14.7 

! 6.8 

6.82 

.5 

19.5 

11.7 

7.8 

7.75 


The close a])proach of* the proposed formula for the inter- 
ference to the observations is remarkable, being in the second 
set of experiments within one seventh, one fiftieth, and one 
twentieth of a second; and may not even these trifling differ- 
ences arise from tlic imperfect nature of the experiments? It 
is therefore desirable the subject should be investigated by 
more correct manipulation than can be expected from ama- 
teurs ; and we trust that some gentlemen more competent to 
the undertaking will shortly perform this task, particularly as 
relates to the difference of the two first batteries, from which 
our standard data of interference are assumed; and the laws 
of which our time did not allow us to examine. 

We are aware that this communication may be objected to, 
as it adds nothing to physical science ; but it must be ad- 
mitted, that if the interference of voltaic arrangements can 
be estimated from an examination of the two first batteries, 
one point at least is gained: and if electricity can be brought 
under mathematical laws, the benefits emanating from thence 
would be incalculable. 

I remain, dear sir, 

Your’s very truly, 

G. MACKRELL 

LXIX. Facts and observations for the purpose of Him- 
trating a Theory intended to connect the Operations^ of 
J^ature upon general principles. By Paul Cooi’er, Esq. 

( Continued from page 403. J 
152. Having investigated the nature and characters of 
the resistance presented by the interposition of a reversed 
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pair of plates, I shall now endeavour to explain the cause of 
resistance when plates of platina only are interposed. 

When only one pair of zinc and platina plates was used, 
the current of electricity was entirely stopped to all practical 
purposes by interposing one platina plate, tig. 80, Plate X. 
i, e. by requiring of the current that it should decompose water, 
and evolve both its elements, before it should pass. This con- 
sequence is in perfect accordance with the views before given. 
For as the whole result depends upon the opposition of forces 
at the places of electric excitement and electro-decomposition, 
and as water is the substance to be decomposed at both before 
the current can move, it is not to be expected that the zinc 
should have such powerful attraction for oxygen, as not only 
to be able to take it from its associated hydrogen, hut Ic^ave 
such a surplus of force as, passing to the second place of 
decomposition, should be there able to elFect a second sepa- 
ration of the elements of water. Such an effect would require 
that the force of attraction between zinc and oxygen should 
under the circumstances be at least twice as great as the 
force of attraction between the oxygen and hydrogen.” 
(Researches 1011.) 

153. Platina is naturally negative to hydrogen (87), and 
in this state the electro-motive force would be from the platina 
to the hydrogen ; but the inductive influence of the zinc, act- 
ing upon the end plate through the wire A B, produces the 
arrangement in this plate represented in the figure by the 
usual positive and negative signs : in this state the surface of 
the platina presented to the hydrogen is positive *10 it, and 
the electro- motive force is from the hydrogen to the platina. 
Now, this arrangement is quite as necessary in the interposed 
platina plate as in the end plate, not only to bring the particles 
of water into the electrolytic order described in tlie figure, 
but also to enable the current to take the proper direction ; it 
being essential to the production of electrolytic effects in the 
second cell that it should enter this cell from a negative sur- 
face of the platina (140), But the inductive forces of the 
connected zinc and platina plates can only be conveyed to 
the interposed platina plate through the medium of the elec- 
trolyte ; and these forces, thus conducted, are unable to 
control the electro-motive force of the platina to the hydrogen, 
and give a negative surface to it upon the opposite side of the 
plate to that which presents it under the inductive influence 
of the hydrogen. The polar arrangement in the interposed 
plate, as it is represented in the figure, which is essential to 
electrolytic action, does not, in fact, take place under these 
circumstances ; and the current as far as this principle is 
concerned is entirely stopped. The latter part of the para- 
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graph quoted (152), clearly shows that Dr. Faraday attributes 
the electro-motive force to the greater attraction of zinc for 
oxygen than hydrogen for oxygen (80) ; but I would with 
great deference suggest to him, that this conclusion is in 
direct opposition to his own more general views. (Researches 
669.) 

154. “ When two pair of zinc and platina exciting plates 
were used, the current was also practically stopped by one 
interposed platina plate.” (Researches 1012.) 

Three pairs or platina plates, fig. 81, were able to pro- 
duce a current which could pass an interposed platina plate, 
and effect the electrolyzation of water in cell 4.” (Researches 
lOld.) 

In this experiment the electrolytic arrangement described 
in figs. 80 and 81, was first actually made ; the feeble current 
observed in the other experiments (Researches 1017) must 
have proceeded from a partial arrangement in cell 1 , fig. 80, 
and a current through the other parts of the circuit conducted 
upon the same principle as common electricity (HO). 

155. “ I'he three pairs of platina plates were now opposed 
by two intervening plates. In this case the current was 
stopped.” (Researches 1014,) 

'• Four pairs of zinc and platina plates were also neutralized 
by two interposed platina plates.” (Researches 1015.) 

“ Five pairs of zinc and platina, with two interposed platina 
plates, gave a feeble current, with decomposition in all the 
cells. (Researches 1016.) 

These exneriments may, perhaps, be made more instructive 
by putting them in a point of view in which they will be more 
familiar to us. A little consideration will render it evident, 
that if A 13, fig. 81, be a platina wire, the end platina plate 
will form only a continuation of it ; and that if the end of the 
wire be presented to the electrolyte in cell 4, the plate may 
be removed without affecting the experiment. The circuit 
in this case will be completed by means of the interposed 
platina plate, through the medium of the electrolyte ; but it 
will be precisely the same thing if we break the wire A B, 
and instead of completing the circuit through the medium of 
the electrolyte in cell 4, complete it by bringing one end of 
the wire B into contact with the interposed plate, placing the 
electrolyte between its other end and the end of the wire A, 
from which it was separated. In fact the experiment is in no 
respect different in principle from that with which we are so 
well acquainted ; in which we connect a platina wire with the 
end zinc plate, and a similar wire with the end platina plate ; 
the interposed plate being removed and the opposite ends of 



502 Mr. Cooper, on a Theory intended to connect the 

the wires connected through the medium of an electrolyte in 
the experimental cell. In the experiments with three, four, 
and five pairs of zinc and platina plates, and two intervening 
platina plates ; the experiments ^ould be the same in principle 
if we were to remove the interposed plates, break the wire 
A B at the points A and B, and complete the circuit ])y 
interposing, at both these points, an electrolyte similar to that 
in the cells of the battery. It will be observed, that varia- 
tion in the size of the electrodes causes no variation in the 
chemical action.” TResearches 722.) 

156. When a zinc plate was substituted for the interposed 
platina plate in fig. there was as powerful a current, 
apparently, as if the interposed zinc plate was away.” (Re- 
searches 1027.) 

In this experiment, zinc being positive to hydrogen (86), 
the electro-motive force of the interposed plate w as from the 
hydrogen to the zinc and from the zinc to the oxygen, in 
concurrence with the direction of the current; it must, there- 
fore, have had a tendency to increase its force, rather than to 
obstruct it. When the experiment was varied, by interposing 
two and three zinc plates, the electric current passed as freely 
as if there had been no such plates in the way. (Researches 
1029.) 

157. The effects of retardation were altered altogether 
when changes were made in the nature of the liquid used 
between the plates, cither in what may be called the e.rciting 
or the retarding cells. Thus, retaining the exciting force 
the same, by still using pure dilute sulphuric a^id for tliat 
purpose, if a little nitric acid were added to the liquid in the 
retarding cells, then the transmission of the current was very 
much facilitated. For instaiica, in the experiment with one 
pair of exciting plates and one intervening plate (1.52), fig. 80 
when a few drops of nitric acki wei*e added to the contents of 
cell 2, then the cuiTent of electricity passed wdth considerable 
strength, and the same good effect was produced by the nitric 
acid when many interposed plates were used.’’ (Researches 
1020 .) 

When a little nitric acid was put into the exciting cells, 
then again the circumstances favouring the transmission of 
the current were strengthened, for the intensity of the current 
itself was increased by the addition. When, therefore, a little 
nitric acid was added to both the exciting and the retarding 
cells, the current of electricity passed with very considerable 
freedom. (Researches 1022.) 

f To he concluded in our next,) 
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LXX.. The JLondon Electrical Society. 

Tuesday^ January I5fh, A paper on Voltaic Decomposi- 
tions was read by Gr. Mackr<?ll Dsq. This paper is given 
entire at page 495. 

Tuesday^ February 5th. A paper was read by C. V. Walker 
Ksq. describing a series of experiments on the decomposing 
power of a voltaic battery belonging to T. Mason, Esq. The 
experiments were made at Mr. Mason’s house and the battery 
arrangements were entirely his own. Ninety- nine porcelain 
jars, each furnished with a copper and zinc cylinder, and fitted 
up ill a similar manner to those used in the previous experi- 
ments made at the house of 0. P. Gassiot, Esq. and described 
at page 4*i0 of this volume, were arranged in nine groups in 
series of eleven jars in each group. The groups were first tried 
separately in order to ascertain the mean power of each ; and 
afterwards they were combined laterally^ commencing with 
two groups, and after ascertaining their united power pro- 
ceeding with f//rec groups, and so on, adding another group to 
every preceding combination, until the whole of the groups 
were brought into ^day in eight distinct combinations, each of 
whic h hud all its positive poles in connexion with one of the 
metals of the gasometer, and all its negative poles in connexion 
with the other ; the series, of course, in all cases being eleven 
pairs. If now we represent tlie number of groups in each com- 
bination by the digits 2, 3,4, 5, 6, 7, 8,9, and the quantity of 
gas liberated in one second of time, by each individual group 
by g, then T^he gas liberated by each combination of groups 
would be 2g, 3g, 4g, 5g, Gg, 7g, Sg, 9g, respectively, or the 
quantity of gas liberated in these experiments w^as exactly 
proportional to the quantity of metallic surl’ace in the battery, 
when the time is constant, a result never before verified ex- 
perimentally. And what was still more interesting, similar 
results were obtained wdth two gasometers whose platinum 
terminals exposed very different extents of surface to the acid- 
ulated water in the instruments, only one of those instruments 
being used in each series of experimmits ; for although the 
larger platinum terminals liberated more gas than the small 
ones, the quantities liberated by each gasometer were proj^or- 
tional to the voltaic surfaces employed. The batteries were 
brought into play at 3 o’clock in the afternoon of the 26th 
Dec., 1838, and were kept in action till 3 o’clock the following 
morning.* The experiments were conducted by Mr. Mason, 

* From these results it would appear that a series of eleven pairs 
of this kind is very near the proper unit of battery intensity for this 
class of decompositions. Edit. 
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Mr. Gassiot, Mr. Sturgeon, and Mr. Walker (the same party 
who carried on the experiments with Mr. Gassiot’s battery at 
Clapham). I'he whole of Mr. Mason’s battery was put in 
series of 100 pairs for the purpose of ascertaining its striking 
distance f but none could be discovered though sought for witn 
great care. Whether the polar wires were furnished with 
charcoal points or not, the force of the battery would not strike 
through the thinnest stratum of air, though a flame of consider- 
able length could be kept in play after once the points had 
been in close contact and removed slowly from one another. 

Read also an extract from a letter from W. L. Wharton, 
Esq., describing some singular effects of a thunder storm. 

Tuesday, February I9t/i, Read an extract of a letter 
from S. Sanio, Esq-, dated Surinam, December 31, 1838, 
addressed to Walter Hawkins, Esq. The Gymnotus Elec- 
tricus is found in the rivers of Surinam, but the writer states 
that it is very diflicult to select the true from the fabulous 
accounts of the habits of this creature. It is generally found 
in shallow rivulets of fresh water, having a rocky uneven 
bottom, and principally in those parts which are shaded by 
high trees. Mr. Samo describes the manner in which the eels 
are caught, and states that one of the three which he had 
waiting for an opportunity to forward to the Electrical Society, 
had been attacked and destroyed by water rats ; which 
animals he concludes must be insensible to the electric shock 
of the gymnotus, although horses can be paralyzed by them. 

A paper was read by Mr. Pollock, on the occurrence of the 
striking distance in frictional, but not voltaic electricity. 

Mr. Pollock considers one of the most common of the 
phenomena attendant upon the action of the electrical machine 
is the production of the spaik up|»n presenting any body, such 
as the knuckle of the hand, to the conductor ; as this occurs 
when the body is at a certain distance, this has been termed 
the striking distance ; sparks also occur in the phenomena of 
voltaic electricity, and it has been very generally supposed, 
that in this respect there existed no difference in the two 
actions ; but recent investigations, made with most minute 
attention to accuracy, throw considerable doubt upon this 
conclusion, showing that it has been too hastily made. 

It has been shown on bringing the two terminal wires of a 
voltaic battery so near each other that the distance between 
them has been so small as to be scarcely appreciable, yet no 
spark has occurred ; this circumstance compels us to admit, 
that although the transmission of the spark may not be im- 
possible, yet a most marked distinction between these two 
kinds of electricity is manifest. 
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The object of Mr. Pollock’s paper is to demonstrate that 
by the changes in the relations between the rubber and cylin- 
der of the electrical machine, and between the metal zinc 
and its oxide of the voltaic battery, and their respective latent 
heats while each is in action, must be of an opposite kind, 
and, therefore, this distinction between common and voltaic 
electricity might have been predicted. 

Mr. Sturgeon exhibited to the Society the results of his 
repetition of Mr. Fox’s experiments on the conversion of cop- 
per ore from one kind to another by the influence of voltaic 
electricity. (See Vol. I. p. 133.) 

The copper ore, in this experiment, formed one side of a 
voltaic pair, and a slip of ziiic the other, being attached to 
each other by copper wire, and placed in a porcelain pot with 
a partition of clay between them. A solution of sulphate of 
copper covered the ore, and water with a few drops of sulphuric 
acid covered the zinc. The action was kept up for^ve suc- 
cessive months, during which time several new pieces of zinc 
had to be soldered to the end of the connecting wire, to 
replace their dissolved predecessors : so that much sulphate 
of zinc was formed in the zinc cell, the sulphuric acid being 
supplied from the decomposed sulphate of copper in the other 
cell ; and the liberated copper attached itself to the copper 
ore and wire which surrounded it. Fresh supplies of bruised 
crystals of the sulphate were put into the liquid when found 
necessary. 

When the particulars of the process had been described, 
Mr. Sturgeoil broke the galvanized ore into several fragments 
before those who attended the meeting, and it was examined 
and compared with another specimen, also broken at the time, 
but not galvanized. The two specimens exhibited very 
different fractures, the ungalvanized being of a brilliant yellow, 
and thegal vanized a dull blackish appearance, something resem- 
bling the colour of plumbago. 3'he gal\ anized ore was com- 
pletely cased with the precipitated copper, and every fracture 
presented nearly the same dull colour. It is to be understood 
that both specimens were taken from the same mass of copper 
ore prior to the experiment. Because of some difference of 
opinion existing respecting Mr. Fox’s experiment, Mr. Stur- 
geon did not think proper to give any opinion regarding the 
nature of change which had taken place in the ore on which 
his experiment had been made. He brought the specimen 
without knowing whether any change had or had not taken 
place ; and living broken it in presence of the Society, 
and submitted it to their inspection, he considered he had 
done his duty to all parties, and left the chemical analysis of 
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the result of this exceodin.yly tedious experiment, to be 
undertaken by some other person. J. P. Gassiot, Esq., 
Treasurer to the Society, look two fragments, one of the gal- 
vanized and the other of (he Angalvanized ore, which he has 
put into the hands of an eminent chemist for analysis. The 
clay partition was not laminated.^ 


EXXI. MISCELLANEOUS AUilCLES. 

JMr. J/a?'r/s\<i I Jar is represented by fig. 7, Plate XII I. 
It is formed of a small inverted Leyden jar, sujq)orted and 
insulated by a slender glass rod, covered with lac varnish, and 
fixed into a w'cK^den soI«* as seen in the figure. I'he inner 
coating of (lie jar is in metallic contact with a brass ball and 
wire r/, anti a, v liich wire communicates with a prime con- 
ductor. Another ball, above lh(‘ former, is in contact with 
the outer coating of the jar by means of a metallic frame, and 
sliding w'ire. The brass ball and w ire b, are also in con- 
nexion with the outer coating. If the wire be connected 
with the ground whilst the machine is in motion, the jar is 
charged in the. usual manner and is discharged between the 
ball d, and the om* above it : and in this way a siu'cession of 
sparks may be produ<'ed by equal qu(fnttties of tlie electric- 
fluid. llio use of this instrument is to charge oth^^r jars 
wdth known proportions of the electric matter, wbieli is dotie- 
by placing the ware b^ in connexion witli the inside of the 
other jar or jars until a certain number of spafks hav(^ been 
discharged between the inside and outside of the unit jar, 
and so on to the insitle of the (fiiarging jars on the table. 


To the Editor of the Ainmls of Electricity, 

U'uvdarnon, Cork, Nov, 5, 1838. 

^5ir, 

The Annals of Electricity pu])lished by you have lately 
directed my attenrton to that very interesting subject. Aware 
that the success of many experiments depends upon the in- 
tensity and permanency of magnetism that can be given to 

♦ Having failed in two instances, in laminating clay by the 
action of a single pair, I have placed another portion in the circuit 
of a series of six porcelain cells, with their copper and zinc cylin- 
ders ; but as I find that the experiment will he exceedingly tedious, 
and require attention and time which I cannot well spare, I am not 
certain that I shall continue it. W. S. 
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steel magnets, I had U) of equal size from the same bar of cast 
steel formed and iiumhered from 1 to 10. No. 1, 2, 3,4, 5, 6, 7, 
and 8, I made as hard as jHissible, 0 and 10 1 left as they came 
from the forge ; all were their ground and polished ; 1 and 2 
I left perfectly hard ; 3, 4, 5, and 0, 1 tempered down to dif- 
ferent shades ; 7 and 8 1 laid across a bar of red hot iron 
until the blue shade apiieared in the centre, they were then 
removed and allowed to cool gradually and when cooling they 
were touched with a powerful magAet. All were touched with 
the same magnet, then tried. No. 7 and 8 raised 20 per cent 
more than those refluced to a ch(#i*y rt‘d, and 42 per cent more 
than No. 1 and 2, and No. 7 W'as somewhat more powerful 
than No. 8 which I attribute to its having been touched while 
in a warmer state. 

1 have the honour to be. 

Your most obedient servant, 

R. NEWENHAM. 


The experienced electrician knows well that if he requires 
a long spark from the prime conductor of a machine he must 
commence by taking short ones, and gradually lengthen them 
to their maximum. A corresponding fact is found in the 
action of a voltaic battery. No appreciable striking distance 
is passed through by a series of 300 pairs, until the polar wires 
have tirst been in contact ; this done, however, the fluid may 
be made to^ass through a considerable space by withdrawing 
the wires gradually from one another. In both cases the short 
sparks prepare the way for the longer ones, probably by an 
attenuation of the air, or by a stream of infinitely small me- 
tallic particles which are carried between the wires : probably 
on both these accounts. If the polar wires of a voltaic battery 
be placed at a small distance from one another, and a Eey^den 
jar be discharged through the intervening space, the voltaic 
discharge also takes place, and continues as if the wires had 
previously tou<‘hed one another. This last fact we believe is 
due to Sir John Herschel, who produc(?d it a few days ago. 
Edit. 

V 

“I have just learned that Professor Jacobi is occupying 
himself with a discovery wdiich may, if in the end successful, 
prove of far more use than Daguerre’s. He observed that 
the copper deposited by galvanic action on his plates of copper 
could, by certain precautions, be removed from those plates in 
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perfect sheets which presented in relief most accurately every 
accidental indentation on the original plate. Following up 
this remark, he employed an engraved copper plate for his 
battery, caused the deposit to be formed on it, removed it by 
some means or other, he found that the engraving w as printed 
thereon in relief (like a wood cut), and sharp enough to print 
from. Whether a repetition of the process from this galvan- 
ically formed block will furnish, in its turn, a copper plate 
from which impressions can be thrown off is not yet esta- 
blished.” ^ 

AJLIAN GI GGSWORTH. 

W’^ormwood Scrubs, 
h^eb. 5, 1839. 


To the Editor of the Annals of Elect ricity^ 

Manchester, September 17, 1838. 

IXear Sir, 

I have often during thunder storms noticed that the flashes 
of lightning do not always appear momentary, but frequently 
as if there were two distinct flashes, one succeeding the other 
at an interval of about J " of time. 

And indeed, this fact cannot have escaped the observation 
of any attentive person, who has seen the lightning of a dis- 
tant storm at night; then, the flame of light is in general 
seen to shine brightly at first, then partly to dia away, and 
at last to end with about the same lustre with which it began ; 
the whole scene taking up in some cases a length of time so 
palpable as one second. In this case, the lightning has lost 
so much of its dazzling brilliancy, that the evidence of our 
senses may safely be trusted. 

For my own part I feel quite unable to furnish any hypo- 
thesis at all calculated to account for the above phenomenon ; 
I present it therefore to you and your many scientific readers 
for explanation. 

' I am, dear sir. 

Your obedient servant, 

P. 
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XVI. Exp^rime/ftnl and Tha'.reltcal Research’s in Elec- 
tricitif, Ala^nctism, Fourth Memoir. By \S' iiA.ix^i 
Stuhgi:ox, Lecturer on JCxperinuMital Philosophy at the 
Hoiiourahle I’^ast India Coinp:iuy’s Military Seminary, 
.Addiscoinbc, &c. 

Addressed fo the British Association tor the I'roniotion of Science. 

Biriiiiiigliam Meetinj;, Sept. 8tb, 1839. 

On Marine IJghtning Conductors. 

The pro])er adaptation of lij^htnio):? ( onductor.s to sliippinfijbeinp a subject of vital 
iinpoitance to everj inaritiine coiniu«nit\, both British and Foreign, the author 
has been imhic^l, respcrtfiilly, to submit this ineuioir to the con.sideratiuu of the 
following seientilic bodie.s. 

Ui’itidi Dominions. The Royal Societies of London and Edinburgli. — The 
Royal Iri.sh Academy. — The Cambridge Unixersity Philosophical Society. — The 
Philosophical Socifties of Newca.slie-upon Tync, Bristol, Manchester, Hull, 
Liverpool, and Yorkshire. 

Foreif/n. The Royal Society of Sciences at Copenhagen. — The Royal Academy 
of Sciences at Paris. — The Royal Academy of Sciences at Thoulouse, — The 
Royal Academy of .Sciences at Berlin.— The Italian Society of Sciences at 
Modena — 'fhe Royal Ai’adeuiy of Sciences at Turin.— The Royal Academy of 
Sciences at Brussels — The Royal Institute of Amsterdam. — The Royal Academy 
of .Sciences at Li.shon. — The Imperial Academy of .Sciences at .St, Peter-shurgh, 
—The Royal Academy of Sciences at Stockholm. — The Royal .Society of 
Sciences at Drontliem —The American Philosophi«-nJ Society at Philadelphia. — 
The New York Philosophical Society.— The Aineriiuin Academy of Sciences at 
Bo.ston. 

172. In addressing thi.s memoir to the l^ritish Association 
for the Promotion of Science, 1 am fur from supposing that there 
can exist a necessity for entering into a ,rouliije of details in 
order that the subject may appear sufllciently imporiaiit for 
its consideration. It is one well known to be, at all times, 
interesting to the philosopher, and, at the present moment^ 

VoL. IV.— No. 21, October, 1839. N 
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when the British are about to he fuyiii.'lu'd with light- 

ning conductors, it lias become, a subjei t of high nationnl 
importance, and demands the most profouiitl cousidenitit)n of 
every experienced electrician in, the land, in order that the 
most efficient and economical plan ina} be adopted and 
carried into elfect. 

173. Without any pretensions to a knowledge of the mol i\('S 
for not making so momentous and unsettled a topic op('ii to fair 
scientific discussion, there ean b(‘ no doubt of the scantiness 
of publi(rily being the Sfde cause of so f'etr jdftns* being 
brought before the notici' of the (’oinmitlfe ap; ointt d !;> 
enquire into the best means of protecting s!ii]q)ing irom tin' 
effects of lightning. I am not awar(‘ of the ( bjectious of the 
(’ommittee to the plan propo.ved by Mr. Martyn Itobt i '.s m>r 
of the reasons for giving a prei'erence to that so long })rojH»st d 
by Mr. W. S. Harris: but as the 1 louse of ('ominoii'. lias 
been officially informed that tfie C'ommitire ha\ <* (hMermined 
in favour of the conductors of the la<ter genib man, liio sul)- 
ject is now’ open to iini:artiHl discussion ; and as it is possible 
that, unless some timely council inlerpose, llu' recoinnn'iida- 
tions of the ( 'ommiltei' may induce the .Ndmiralty to ado])t 
Mr. Harris’s (‘oiuluet(»i s, ami, w ithout lin Iher (‘mpiiry resp(*ct- 
ing the efficiency, or inenhiency. in p:jrr}ing th<‘ elVoets ot‘ 
lightning, give imnudiate ouhus for their ap[jlication to lliu’ 
Majesty’s fleets, no time ought to he ]os! in placing Mr. 
H arris’s system of condu: tors in a fn'opr.r Itgfif IxCorc' llu' 
Government and mariiime community of tlu sc realms, 

174. There certainly cannot he a bm r o])]>ortiHnl \ olicred 
to the British Associa’ion for <‘xercising its almost boimdh’ss 
influence in eliciting im; ortant philosopj‘i(‘al trutlis. and ex- 
tending the benefits of experimental and practical science, 
than that now’ presented b^ tliis mtunontous tojue ; nor can 
electricians of every <’oimtry Iiave a more favourable opportu- 
nity of becoming hen.efactors to mankind, than by giving ibis 
universally important subject their ])rofoundest contempialion; 
and, as soon as possible, making known the re,sults of their 

* Only two plans w«re brought before the Oominittee, the one 
by Mr. Martyn lloberls, and the other hy IMr. W. S. lljirris. J h(* 
plan of the former gentleman ronsists of a rope of nictallic wire 
one end of which is lioisted to the mast head, and the other llirow ii 
over the side of the vessel. See Annals of Klectricily, &c., V'^ol. I. 
p. 468, Vol. II. p. 

The plan of the latter gentleman consists of strips of sheet copper, 
one to each mast, let into a groove the whole lengtli of the after-side, 
and passing through the keel of the vessel, anti that belonging to 
the mizen mast passes either through or close to the after ])owder 
magazine. 
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fixperiniental investigations in this branch of electricity, and 
their uncompromising opinions on IVlr. Harris’s system of 
conductors, on which so much deep interest is now involved: 
or by proposing any better plan of protection to the thousands 
of lives and millions of property continually exposed to the 
most formidable and destructive of nature’s elements. 

J 75. The present memoir contains : — First, an examination 
of those, experiments which Mr. Harris has exhibited on 
various occasions, and at various places, in illustration of the 
supposed superiority of his system of conductors. Second, an 
examinalion of the ohserred effects produced on shipping by 
lightning. Third, a statement of electrical phenomena simi- 
lar to those effects, and jnobably j)roduclive of others no less 
des(ru(;tiv('. Fourth, a com]xuihon of the observed elTects of 
lightning and the probable, elfects which lightning w'ould pro- 
duce by th(‘ adoption of Mr. Harris’s system of conductors. 
Fifth, a di‘Scrit)tion of a new system of conductors for the 
pro{(!clion of shipping from lightning. 


Examination of Mr, \ Snow Harris's experiments, 

17(>. Experiment 1. Let /, fig. 1, Plate IV., represent the 
electrical jar on hoard the (’alcdonia; c the Louisa cutter, 
with a strip of sheet copper let into the after side of her mast 
from to]) to bottom, and continued, tbrougli her keelson, to 
tile sea, as represented by (lie strong black line. By means 
of achaiii ooo, the low er extrmnity of this conductor is brought 
into metallic connexion w ith a loaded brass howitzer in the 
boat B, moored at .some distance from tlie cutter. A wore 
w w w, proceeds from the outside of the jar to the boat, and 
terminates above the vent of the howitzer, leaving a small 
interruption for the introduction of a ^Timing oi del onating 
pow der. By means of another wire w' tv’, one end of which 
is fastened to the conductor at the mast head of the cutter, 
the jar is discharged in the direction indicated by the arrovrs ; 
and the spark which passes helween the howitzer and the end 
of the wdre w w u\ ignites the detonatin , and the piece 
thus l)e(‘omes discharged : whilst a portion of common gun- 
powder, placed in contact with the uninterrupted conductor 
at 7? in the cutter, is not exploded. 

Experiment 'Z, The only difference in the arrangement 
from that in the last experiment, issinijdy that of intcrnipting 
the metallic connexion hetw'een the lower extremity of tlie 
cutter’s conductor, and the howitzer in the boat B. and per- 
mitting the sea to form part of the circuit. Tlie e..ccts were 
the same as in the first cxperiaient, 

N.2 
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Experiment o. The arrangeiiiont of a])paratus the same 
as before, with the cxeejilion of an intevnipt ion in iho cutter’s 
conductor at p by passing a saw tlirough it. No gunpowder 
nor detonating powder at ‘The lio\\itz.er was discliarged 
as in the preceding experiments. 

177. These three experiments were made in Tlymoiith har- 
bour, in September, 1S-J2, “in pre.sence of the Navy Hoard, Sir 
Alexander Cochrane, Commissicnier Scbield several Captains 
of the Navy, and the principal Olllccrs of the Dockyard,” 
with the intention f)f convincing them of tiu' cflicaey and 
superiority of Mr. Harris’s conductors : ail hough it must Ix' 
obvious to every electrician that t]ie>e (‘xperimenls had no 
peculiar bearing on any peculiar plan of conductors what(‘ver: 
tor they are just as applicable to tin' illustration of the etbcacy 
of {he present chain conductors cw to the 'metallic rope pro- 
posed by Mr. lloberts, as to those proposed by Mr. Harris. 

178. i'he first ex])eriment showed that copptu- is a c‘ondiu‘lor 
of electricity ; that detonating powder can be ignitt'd b} an 
electric S})ark : and tliat common gun poteder will not ignite 
by the application of cold copper, though a feeble momentary 
electric current tra\ ersi's the metal at the same time. 4'he 
second experiment, in addition to the fac ts sliown by tlie first, 
shows that sea water is a conductor of electricity. 4 lie tliird 
experiment, in addition to the faids shown by the first and 
second, shows that ix slight interruption in the ni< tallie part 
of the circuit did not pre\ ent a spark, Irom the jar (Mn])i()yed, 
from igniting detonat ing powiXes at another slight interruption 
of that circuit. 

170. 1 hese.T believe, are the only facts which ^h*. Harris’s 
experimemfs, exhiLited in ])res(*nee of the Navy Hoard, are 
calculati'd to illustrate ; and as they prove nothing novel, nor 
anything peculiar to that gentleman’s system of conductor.s, 
they not only fall short of their object, but are perfectly in- 
applicable to the great (]Ue.stion at issue. 

Iso. There are, however, circumstances connected 
with these experiments, which, though not noticed by Mr. 
Harris, woukl have been quite as iiitenasting to the Navy 
Board as the results which they witnessed. Mr. Harris 
could easily have shown the officers of the Navy Hoard, 
that a moderate electrical discharge would render a 
copper (conductor red hot, and that gunpowder in contact 
with this electro-heated metal would explode as dectidedly as 
if heated by any other mean.s : and it w ould have been no 
more than a just inference to have added, that, a lightning 
conductor may be sufficiently heated to fire gunpowder, by a 
discharge of lightning from the clouds. It would have 
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been w<'llj also, to have shown that detonating powder would 
be as sure to ignite by tiie spark at the interruption made by 
the saw in the cutler’s conductor, as by a spark at the howitzer. 
l‘’roni tlic‘ first of these factss those officers might probably 
have inl'erred that a lightning conductor passing through the 
powJer magazine would be the most dangerous appendage in 
the ship: and from the latter they would have implied that 
the most trilling interruption in the conductor, from accident 
or otherwise, might be productive* of serious evils. ^ 

1 si. hi a led tire delivered iiefort; the members of the Bri- 
tish As.socialion at the Liverpool im'eting, Mr. Harris brought 
forwaid the following additional experiment in illustration of 
the advantages of Ids systen'i of lightning conductors. 

E.cperinient A. In fig. 2, ah and rd ri'prcscnt the two 
halves of a long tapering round pole, cut along its axis from 
end to end, having tlie flat .sides of holJi halves towards the 
spectator. In the axis ah are embedded three pieces of 
metallic wire a n, n m, and m h. At the interruptions n and ni, 
an' small cavities in the wood for the lodgment of gunpowder 
liwA detonating powder; and wdien churged with these com- 
])usdl)l(’s the fiat side of is placed against the flat side of 
ah, the two being slightly kept together by a suitable coii- 
tri\ am e. 'The out<'r surface of this compound piece is fur- 
nished w ilh a strip of tinfoil which reaches from lop to bottom: 
and is I lien rejire.sentcd as a perfect model of a ship’s mast 
furnished with Mr. Harris’s conductors. 

When a jar is discharged from the lop to the bottom of 
this mast, Ike electric fluid traverses the tinfoil on the outside, 
and th(! mast is protected. I'liis done, a jiortion of the tin- 
foil conductor, reaching from above the opening at n, down to 
below' the other opening at m, is taken aw ay : and the next 
discharge of the jar necessarily passes through the axial wires, 
and ignites the powder in the two cavities n and m ; and the 
explosive forc(; of the gunpowder blows off the moveable half 
c d of the mast. "Lhis effect was hekl forth as an exemplifica- 
tion of the eilocts of lightning on a ship’s mast. 

lS2. Whatever may be the merits or demerits of ^Ir. Har- 
ris’s syst em of conductors, it is very reniafkable, that the expe- 
riments exhibited by that gentleman in its favour, before the 
Navy Board, at Plymouth, in 1822, and repeated in his lec- 
tures before the British Association, at Liverpool, and other 
places, happen to have no bearing whatever on the subject. 

* I believe, however, that Mr. Harris has taken every precaution 
to prevent interruptions in the conductors vvliicli are applied to the 
masts: but at the steps of the masts, and between tlie copper hands 
and bolts in the keelson, it will always he difficult to ki^ep metallic 
contact so as to prevent explosions 
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Those experiments are no more illustrative of the efficacy of 
Mr. Harris’s system than of any other system ever yet offered 
to public notice: and as I am not aware that any other 
experiments have been attempted for demonstration, I have 
no means of knowing how that gentleman has been led to 
neglect some of those considerations, which, next to the 
selection of the conducting material, an; certainly the most 
important in the equipment of shipping with lightning con- 
ductors. 


Examination of the ohsien ed effects produced fm shipping 
by lightning. 

183. A general outline of the elfccts of lightning on shiji- 
ping cannot be better pourtrayed than by the following des- 
cription of those produced on tlie Kodney, on the 7th of 
December last. 

Fatal Effects of Lioutnino on H.M.S. Rodney, in tiik 
Mediterkankan. 

H.M.S. Rodney, 7lh December, ls;iH, was 8 or 10 leagues 
to the eastw^ard of (’ape Passaro, blowing strong with s((ually 
overcast and rainy weather, under close reefed fore and mizeii 
and treble reefed main top sail. .\t 9 a.m., in a h(‘avy sipiall 
attended with hail and hard rain, the ship was struck with 
lightning. Three or four flashes of angry looking forked 
lightning had been seen before in the northern horizon, not 
attaining an altitude of apparimtly more than 10 or 1.0 
degrees, and the writer thinks it hero neceshary to mention 
that this statement is drawn u]) entirely from his own ideas, 
sensations, and observations on the occasion, and not from 
any hearsay reports, because many on board saw and heard 
things differently to himself. He was standing with Captain 
Parker close to the wheel at the time. No very particularly 
vivid flash or unusually great glare of light was observed at 
the time, although people are commonly blinded for some 
seconds on such occasions, but the first thing heard was the 
burst or explosion, AvJiich was louder than one of the ship’s 32 
pounders, hut not exactly like it, it being sharper and more 
piercing, something like the bursting of a bomb shell ; and 
then the iron hoops of the main mast came rattling down the 
mast, being burst asundc r. The captain and the writer looked 
at each other in silent astonishment, then forward and aloft, 
when the hoops were seen tumbling dowm the main mast, and 
splinters flying about in all directions and to leeward to an 
immense extent. The main topgallant mast was shivered to 
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atoms, the iiiaiii topoallant jard across the cap, and 

the royal pole i'roiii the hounds of the topgallant to the 

tru(‘k })eriett, whiJi was left sticking up above the topgallant 
)avd, having sli})pod itself tyi the uj)j)er part of the topmast 
rigging. In })(‘rh:ips about a minute or so, llanies were seen 
issuing fnnn tin* hunt of the topsail yard, tln^ electric fluid 
having ignited tin* paunch mat and gear thereabouts; it 
hui’UL some miimles la fore it could lui extinguished by wet 
swabs, water, cS:c..^:(‘.; forUmately from the heavy rain every 
thing was perfeelly saiurat^ed, or no one knows where the 
)nis(;hief would have ended. The electric fluid was seen to 
}»aNS ironi lln^ luasi about 7 feet above the deck over the star- 
board liaimiKX'k UiMling (o*l(H.‘W'ard (right over a gun) like a 
ball ol lire. Luckil\ jdl the people on deek had been ordered 
to take shelter out of the rain, consequently nobody was near 
tlie main mast at the time, and nobody suilered excepting the 
nnfm’(iuiat{‘ men w ho W(‘re at the must head. 

Pr(f (> ressire coarse of the lUectrle Flaid. — The vane staff 
whieh IS fl i'eet long with a copper s])indle (on which the^ vane 
traverses) of almut it) ineluvs in lenglh, surmounted by a gilt 
wooden bail, the si/e of an orange, shows its first ellect (the 
l)ali and spindle wo're mwer seen after (he shock), being split 
hut not broken, and one side of it blackened ; the copper 
hinder round the truck was hurst asunder, a small piece 
hrokiui out of the truck, and one of llie metal sheaves for 
signal halyards slightly fused, h'rom this, after leaving the 
roval pole uninjurc'd, it appears to have jiassed inside the 
copper fuiiiicl for topgallant rigging and iron hoop of the 
hounds of the mast, shivering the topgallant mast to atoms, 
from thence to the topmast cap, not a piece having been seen 
the si'/.e of a common walking cane, and the sea was literally 
covered with its splinters to a considerable extent; its marks 
are now’ lost for many feet, notwithstanding the shock about 
this spot must have been most terrific, as it was in the top- 
mast erosstrees where the poor fellows w’ho suffered were at 
the time, and also the heel of the topgallant mast (which was 
not at all injured below the cap) was forced upwards into the 
cap, the fid being raised about 8 inches above tlie trijssel 
tK^es w ith sucli force that (he top burton block strop w^as car- 
ried away in trying to house it dowm again, and after all we 
were obliged to cut it out, not being al)le to clear it in any 
other w^ay. Its next appearance is on the main topmast, 10 
feet above the cap, seemingly attracted by the iron-bound tye 
blocks and iron hoops on the topsail yard (being under a 
treble reefed topsail), from whence it rent an immense splinter 
out of the mast dowm to the low’er cap, going nearly into the 
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core of the mast and set fire to the tarry and greasy gear 
about tlie bunt of the topsail yard, after taking this large 
splinter of nearly one quarter of the suhslanee of the mast 
away. Its next positive mark is «n the starboard lower trussel 
tree, the lower cap, head of lower mast, and Inn l of topmast 
(both iron liooped), having escaped unhurt. It shook and 
blackened the trussel tree, rendering it unserviceable, and 
then must have entered the main mast, spreading and passing 
down both sides, bursting' Id of the large iron hoops in its 
course, and knocking out pieces of the side trees and main 
stick in several places, and escaped from the mast in the shape 
of a fire ball, 7 feet al)ove the deck, and was seen to go over 
the starboard (leeward) netting right over the gun abreast of 
the main mast rending the hammtxk cloth in several places, 
carrying away one rattlin and stranding another ; its exit 
although fiery in appearance was harmless in effect, nu'n^ly 
injuring the cloth over a space of about a foot, and breaking 
the two rattlins, when it was seen to strike the water a short 
distance from the sliiji. 

Effects of the Electric fluid in its course . — Knocked over- 
hoard (at least they were never picked up or seen) the gilt 
hall, coj'-per spindle, and calico vane from tlu‘ top ofllu' \ane 
staff — split thc\ane stafl^ — broke the co()j)('r binder round tbt^ 
truck — broke a piece out of truck and slightly l’us<nl one id* 
the metal ftheaves for signal halyards — clear('dawa\ the wliole 
of the main topgallant mast frt)m tlie lioiuids of topgallant 
rigging to the topmast cap, not leaving a fragment aloft. 
Four men who had hern sent aloft to unbend topgallant gear 
and pre[:are for sending the yard down, were in tin‘ crosstrees 
at the time ; John Itowe was struck dead as he was moving 
from the weatln'r to tise lee side of tin; mast for shelter from 
the rain, he was ju.'-t on the afl side of the mast at lln^ moment 
and fell astride the after crosslree, where he was held by some 
ropes falling round liini — he iievt'r spoke. 'I homas Hollings- 
worth was standing on the after shroud of topgallant rigging 
to leew ard of the mast and holding on by the after crosstree — 
he w as so seriously injured as to he sent down in a chair and 
died in 7 hours aft tux* Hugh Wilson was standing on the 
foremost shroud of topgallant rigging, holding on by foremost 
crosstree and close to Hollingsworth — he states that the 
shock threw him forwaul and Hollingsworth aft, he was only 
slightly hurt, and ordy two or three days in the doctor’s list ; 
the other man ( harles Prynn >vas to windward, standing on 
the crosstree, holding on by the foremost shroud of topgallant 
rigging and received so slight a shock that he did not even 
apply to the doctor. \Adlson heard no thunder. The first 
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ncxniod two men had e.very stitch of clothes burnt from their 
bodies, excepting just tlie wrist bands and lower parts of the 
trousers which was left about the wrists and ancles. They 
present t‘d a shocking specfacie, their bodies discoloured and 
hair singed from their persons. 'J’he next place is a large 
splinter out of th(^ main topmast, from ten feet al)ove down to 
the cap, setting fire to the gear about the topsail yard and then 
commences its destructive force about the main mast, first of 
all giving a severe shake to the starboard lower trussel tree ; 
it is hanlly possible to give a description of its effects on the 
main nuisL, the mast should he seen fully to understand it, 
but some idea may be formed when it is stated that out of 1^8 
large iron hoo])S 5 inches wide and half an inch thick between 
the deck and trussel trees, 13 were hurst asunder and that 
for a space of o3 feet its ravaging effects can be traced tJie 
wdiole way, and the spot whence it made its final escape is 
several inches deep in the mast — on the starboard side a large 
pi(‘,ce ol' the mast is broken out (6 inches deep) from the third 
to the sixth ]u>o[) above the deck, and from the eighth to the 
ninth 1 loops . The clieck or side tree several feet of the lower 
jiart gone altogetiu'r and the other part nearly shook all to 
pieces. The larlioard side — ekin piece gone from the sixth 
to tlie eleventh hoop and the mast burst out from the 
ninth to the eleventh, and from the thirteenth to the fifteenth, 
and tlui cheek very much shook. The hoops carried away 
were mostly the clasp hoops of side trees, but some of this 
body hoops were also burst asunder, and strange to say the 
awning hoop on which the main trysail mast steps and inizen 
stays reeve, lost one of its fore-locks, notwithstanding a piece 
of cojiper had been nailed over the clasp part — the forelock 
wdii(‘li was driven downwards was gone with a piece of cojipcr 
and never seen, wdiile the one which drives upwards w as left 
in its place and held the hoop tog<‘thcr. There were eighteen 
body hoops between the deck and trussel trees, and ton clasp 
hoops round side trees — four of the body hoops below side 
trees were broken, none of the hoops on the head of lower 
mast or on the heel of the topmast were touched. 

Several men assert that balls of fire*were running about 
the lower deck, and that they ran after them to throw 
them overboard; this seems strange, but if so, and it is 
hardly possi])le several could be deceived, it could be nothing 
more than flashes or rather sparks passing down the different 
hatchways after the explosion and less active than in the first 
descent, at all events it is certain there was a strong sulphur- 
ous smell below, particularly in the pump well, and sparks 
seen by many of the officers. It is remarkable that the 
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electric fluid seems to have jumped from metal to metal — 
first the copper spindle, then the copper funnel of topgallant 
rigging, and iron hoop round tlie mast to the head of the top- 
mast, from thence to the iron hound blocks and hoops on the 
top-sail yard to the main cap, and then to the lower trusscl- 
trees, taking all the hoops clownwards, passing over a gnu 
into the sea. 

The mast has since been taken to pieces at the naval yard 
at Malta, and its interior shows no delect, in fact, not the 
slightest injury ajipears about the mast, except what was exte- 
riorly displaj^ed ; it is marked in some places, even on the 
spindle (centre piece) as if a train of powder had been flashed 
on it, but nothing more. 

I'lie outside crippled state of the mast led us to fear the 
worst and to secure it as effectually as possible for carrying- 
sail. I’tiis was done by getting the spare fore top-mast up 
and down, filling up with .studding sail booms and clapping 
the iron fishes over the worst part, the main (op-mast being 
lowered sufficiently to bring its wound below the cap. All 
was well woulded together, and by degrees we felt confidence 
ill the strength of the mast, so that at last we got a fore-top 
gallant mast, fitted on it and carried the main-sail, treble 
reefed topsail, topgallant sail and royal, working to windward 
for three or four days. 

(i. B, II. 

Macpictism and Electricity , — (Extrart of a hotter from Malta ) — 
Ader th() mainmast of Tl.M.S. Rodney was struck by lightning 
during her late passage from Athens to this place, the broken hoops 
surrounding it, were all found to be magnetised in the same urii- 
formily of direction as if they had he(Mi operated on in one direction 
by the galvanic helix, 'Thus in a hoop hrokim in two atliwart sliips 
(speaking with reference to the ship’s Innid) tin? larboard end of 
tlie foremost portion was a south and its starboard end a north 
pole : the end of the aftermost portion in contact with the south 
jiole of the foremost portion being coiiseijueiitly a north pole, and 
the other end thereof a south, and so uniformly with all the other 
hoops at wdiatever part they were ; similar poles in each hoop 
always pointing in siimlar directions in the circumference of the re- 
.spective circles. 

Nautical M«g. 

184. There are five remarkable facts stated in the above 
account from the Rodney, which will be occasionally alluded 
to in this discussion : viz. I'he bursting of the metallic hoops 
of the main mast, copper hinder of the truck, &c. — 4'he fusion 
of the metallic sheave. — Wilson and Holingsworth being 
thrown in opposite directions. — I'he flashes or sparks seen 
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bolow (leek : — and, The; manner in whieli the broken hoops 
were magnetised. 


l^r>. The two following arc (;ases in whitrh ships, famished 
with Mr. Harris’s condiielors, are supposed to be struck 
with lighlning. 

E.rtrffct from a Ueporl on the Lightning Conductors^ of 

H.M.S, JUtagte. isiil-b 

“ Ikevious to leaving England in 1831, the Ileagle was 
jit ted with the permanent lightning conductors invented by 
i\Jr. W. Snow Harris, h’.R.S, 

“ During the five years occupied in her voyage she was 
frecpicnt 1> exposed tolightning, hut never received the slightest 
daiiKigi;, although supposed to have been struck on at least 
two occasions. At each of these times, at the instant of a 
vivid ilash of lightning, accompanied by a crashing peal of 
thund('r, a hissing sound wras heard distinctly on the masts, 
and a si range, though very slightly tremulous, motion in the 
ship herself, indicated that something unusual had happened, 
^c. 

rSigned) ROBERT hITZ-ROY, 

Late Captain of H.M.S Beagle.” 


Extract from a Copy of a Letter from Captam Turnery 
late of ILJ^J.S. Dryad. 

“ H.M.S. Dryad, Sierra Leone, Feh. I3th, 1831. 

“My Dear Sir, 

“ 1 write to iniorm you that we have had a trial of y(jur con- 
ductors, and most excelhmt things they are. During our last 
(U’uise we had a great deal of lightning, but in one afternoon 
in particular, we had a tornado, which is always attended 
with a great deal of thunder and lightning ; whilst standing 
on the (juarter deck during one of the flashes, 1 distinctly 
saw I he lightning run dowm the conductor on the foremast, 
and the officer of the forecastle came aiKl told me he heard a 
whizzing noise rcsemhling water boiling. All the men that 
w^ere there heard it also; a short time afterwards several of 
the oflicers were standing abaft, and saw it during another 
flash go down the mizen mast with the same whizzing noise. 
It may be necessary to tell you that lightning on this coast 
appears to remain longer in the air than any other place I 
was ever at. 

“lam &c. &c. 

“WIldJAM TURNER.” 
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186. Mr. Harris observes, that, there is ‘‘a remarkable 
agreement” in these two cases, especially in “the hissing sound 
&c.” On this phenomenon I shall remark, that the hissing 
sound proceeds from no other parts of a conductor than those 
which deliver the fluid into the air or other inferior coiului-ting 
medium ; for no such noise is ever produced by the fluid 
entering a metallic conductor. Hence it is o])vious that if 
these hissing sounds proceeded from Mr. Harris’s conductors, 
they were occasioned by the' electric fluid rushing from tlie 
sharp edges of them, and from numberless asperities on the 
surface of the metal. 'J’o those accustomed to making elec- 
tric-kite experiments during thunder storms, the hissing noise 
must be a familiar phenomenon. 1 1 proceetls from the luoken 
parts of the metallic strand and other asperities of the string, 
which are discharging flukl from upper to loirer strata {)f the 
air, or to the ground; and not from any flash of lightning 
striking either the kite or its string. Hence the hissing noise 
heard on board the Ileagle and Dryad was no iiidication of 
either of the vessels receiving a flash of lightning at the time; 
but rather that their conductors, and other parts of the rigging, 
were discharging into the air about the loirer part of the 
masts, a quantity of fluid communicated to their upper parts 
by a trace of the electric fluid, i)roduced by a neighhouring 
flash of lightning. There is certainly something remarkalde 
in the appearance of lightning running down the masts of the 
Dryad, which I shall endeavour to exjdain under another 
head (20S, 209, 210, 211, 212, 213, 211) ; but whether th('y 
emanated from direct discharge.s of lightning on llie masts or 
otherwise, they could be no very welcome visitors in the pow- 
der magazine. 

187. Mr. Harris has stated that “from about 100 cases, 
the particulars of wliich have been ascertained, it appears that 
about one half of the ships struck by lightning, are struck in 
the main mast: one quarter on the fore mast ; one twentieth 
on the mizen mast and not more than one in a hundred on 
the bowsprit. About one ship in six is set on fire in some 
part of the masts, sails, or rigging. In these 100 cases there 
are destroyed or damaged 93 lower masts, principally line of 
battle ships and frigates, 83 top masts, and fiO topgallant 
masts.”* 

188. By looking over the particulars of 174 cases,! which 
Mr. Harris has collected, I find only 44 in which the top- 

* Harris’s state of the question relating to the protection of the 
British navy from lightning.” 

+ In several of these cases the particulars of the damage is not 
specified. 
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gallant masts appear to have been injured: and as out of 
these 44 cases there are 13 in which the topgallant masts 
were lost, broken, or damaged, accidents probably occasioned 
by the mere falling of those diasts when the others below them 
were struck, there would appear to be only about 31 cases 
out of the 174 in w hich the topgallant masts have been abso- 
lute!) struck by tln^ lightning. It is probable, indeed, that 
the pioj)ortion is even less than this ; because of these 31 cases 
there are 1.7 in which the topgallant masts w'cre shivered only, 
a species of damage which, if occurring near to the heel of 
the masts, might easily arise from lightning striking the ship 
no higher than the topmast head. Jiighlning striking the 
topsail yard arm, when that sail is set, or the crosstrees at 
other times, w ould he very likely to damage the lower part of 
the topgallant mast. 

189. An accurate statement of the highest 'point which 
liglitning has struck each ve.sscl, and the cases in which yard 
arms have been struck, would afford important data ; for show- 
ing the necessary height to which conductors ought to ascend 
in the rigging, and the comparatively uselessness of continu- 
ing them higher. Also, how far it w'ould be advisable to pro- 
tect the yard arms for the purpose of preventing lightning 
entering the vessel by their instrumentality. 


FAtcirival phenomena similar to those produced by lightni?}g. 

190. Tlie figure, dimensions, and character of the metal 
Ix'ing detertnined on, the next most important consideration 
in the application of lightning conductors to shipping, are 
their most eligible situations, both as respects the working of 
the sails and a\oiding the probable disasters by lightning 
entering the rigging and hull of the vessel ; and to determine 
whi( h, it becomes necessary to study tlie effects of both the 
direct and the lateral discharges. 

191. J3y the direct or primitive discharge, w^e know that 
men can he killed, intlanima])le bodies ignited, and metals even 
fused. Hence our first object should be to keep the direct 
discharge as clear of the ship as possible*; especially from the 
masts, deck, and hull; and as it is possible that the most 
s])acious conductor that can conveniently be applied to a 
ship may he rendered sufficiently hot, by a flash of lightning, 
to ignite gunpowder,* we ought never to be induced, under 

* Instance the fusion of the metal sheave of a block on board tlie 
Rodney (183, 184). Some few yevars ago the brig, Jane, from New 
York to Liverpool, had some part of her chain conductor fused by a 
flash of lightning; the lower part of it fell overboard. U is said 
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any circumstances whatever, to lead a lightning conductor 
through, or near to, the powder magazine, at the risk of blow- 
ing up the ship. 

192. The lateral discharge^' i\xe of three distinct kinds, 
which, for convenience of refer(mce, 1 will denote by the 
first, second, and third kind. 

193. The iirst kind of lateral dischari;e, was, by Priestly, 
called the lateral explosion. It lakes place at ev('ry inter- 
ruption of a metallic circuit, or, wherever the electric iluid 
is exhibited in the sha]>e of a spark or sudden flash of light 
in the common atmosphere or oilier inferior conducting me- 
dium. By this kind of lateral discharge, the air is suddcmly 
displaced: loose bodies are scattered and thrown from tlie 
axis of the circuit, and solid inferior conducting bodies an* 
shattered or torn to pieces: wares of electricity are also pro- 
duced in the neighbouring atmosphere and the bodies w ithin 
it, by this kind of lateral <lischarge. Hence tin* probability 
of ships* masts and other massi's of wood being shi v»'n‘d, 
split, &c. ; their hoops burst asunder, and other similar effects 
being produced from (he same cause: even men may he killed 
by these lateral forces (If'.k Is fj.* 

* 194. The second kind of lateral discharge is a specii’s of 
radiation, of the electric matter, from the surface of good 
conductors carrying a dirext or primitive discharge. It lakes 
place most coj'iously from the edg(=s of strips of metal, or from 
the surfaces of ragged or asperous wires; and to a gri'ater 
extent in rare than in denst^ air. Hence sharp edged strips 
of metal carrying a heavy flash of lightning w ould necessarily 
di.scharge a great quantity of fluid from both edges to tlie 
neighbouring objects or into the air. 

195. The third kind of lateral discharge is a displacement 
of the electric fluid natural to those bodies which are vicinal 
to a continuous conductor carrying the primitive discharge. 
The following experiment will serve as an illustration. 

Experiment. Let the Leyilen jar j tig. 3, Plate IV, be 
discharged through the good conducting metallic rod cc, 


that the lightning rod pa‘^sing through the Nelson inominient, i.t 
Edinburgh, becnine so hot, by a fiasii of lightning, that it con'd 
not be touched by the hand, by the first person w'ho visited it after- 
wards. Allowing only a few minutes to have elapsed between the 
flash and the person entering the niommient, the probability would 
be that the conductor had been rendered re<l-lioi by the lightning. 

♦ The principal di.scharge obviously passed through and over 
the surface of Hollingsworth’s body ; whilst Wilson was prohalily 
hurt, and thrown in the opposite direction, by the lateral explosion. 
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which stands on the same metallic plate as the jar is placed 
on.' At the saiiie moment a sj)ark will appear at the opening 
o, between the insulated metallic body B and the conductor 
c c. l^his is a lateral discdiar^e of the third kind. 

BK3. If, instead of the metallic body B, the knuckle w ere 
to be presented to the conducting rod c c, a pungent spark 
would be felt at every discharge of the jar through the circuit 
represented by the ligure. 

197. If, instead of discharging the jar through the con- 
ductor r. r, it w ere to be discharged by a direct at)plication of 
the discharging rod to the coating or metallic plate on which 
the jar stands, as represented by fig. 4 ; the lateral discharge 
would still occur at o between tJie body B and the conducting 
rotl r. r. 

19K, By this kind of lateral discharge a dense spark may 
be ])roduced wdien the bodies B aiul c are half an inch 
asunder, though the jirr employed be only of the capac ity of 
a quart. Chemical decompositions are easily performed by 
this lateral discharge, even with the small jar 1 have just men- 
tioned, and every other class of electric j)henomena nsay be 
exbil)ited by it, when the apparatus are sufficiently large, as 
decidedly as by the primitive discharge itself. 

199. riie effect is much increased by connecting the body 
B with the ground ; and diminished, to a certain extent, by 
connecting the outside of the jar with the ground. J have 
])roducod the spark between cc and the bcnly B, when placed 
50 ieet from the direct discharge. The arrangement is shown 
in fig. 5, wlfeie cv is connected with the outside of the jar 
by a copper wire 50 feet in length. 

200. In tig. (). c c may represent the conductor of a ship’s 
mast, connected with the iron knee k by means of the copper 
stiap^v, as ju-oposed by Mr. Harris. I'hen a discharge from 
the jar / through the conductor cc would imitate a flash of 
lightning striking a similar conductor in a mast; and it will 
be found that this arrangement is as productive of the lateral 
discharge at o between tlie body B and the iron knee k, as 
any other arrangement w'hatever ; and as similar lateral dis- 
charges would take place from any part of the copper strap s, 
or from any metallic appendage or branch of the conductor, it 
is obvious that men who hapi^ened to be near to any of these 
conductors, straps, knees, &c. would experience all the effects 
of these lateral discharges. 

201. When the body B is connected with the conductor 
c c, by a wire w iv, 20 feet long, as represented in fig. 7, only 
a very short lateral spark is obtained at o between the con- 
ductor and body B ; but as the wire is lengthened the lateral 
spark becomes longer and denser. 1 find, also, that the 
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lateral spark is increased by an increase in the quantity of 
metal between the body B and the jar, without lengthening 
the conducting distance. 

202. I have united, by metal, the outside of the jar / and 
conductor cc* with a metallic pump, which descends into a 
deep well copiously supplied witli water, in order that the 
conductor cc might be as uninsulated as I could possibly make 
it; still, however, the lateral spark appeared between the 
conducting rod cc and the body B, whether the latter was 
metallically united with the same pump, or with a kitchen 
range at some distance from it. J have made a number of 
experiments of this kind, and have varied the arrangement in 
many ways, and from the results which have biMui obtained, I 
am fully of opinion that this kind of lateral discharge will 
always take place when the vicinal bodies are sufficiently (Ca- 
pacious, and near to the prim'ipal conductor which carries the 
primitive discharge, or loaiiy (d‘its im^tallic appendages. 

203. Such, in fact, apiK^ars to be the case when only the 
small jar, already mentioned, is used ; and as the exOmt of 
electro-displacement, in vicinal bodies, depends upon the 
magnitude and intensity of the primitive discharge <jr mnlji 
stroke f the electro-displacement and consequent lateral dis- 
charge occasioned by a heavy flash of lightning striking a 
conductor which passes through the body of a ship, must 
necessarily be exceedingly dangerous ; for altliough this kind 
of lateral discharge is never so pow(Tful as the primitive dis- 
charge, nor so great amongst inferior conductors as amongst 
those which conduct fr(*ely; the magvihfde and IntetfsUp of 
a flash of lightning being infinitely greater than any thing 
which can be produced artilicially, even by the most stupen- 
dous apparatus that can be employed ; the effects of lateral 
discharges from lightning would also he proportionally greater 
than any ever produced, or possible to produce, experimentally : 
and their consequences always to he dreaded. The “ balls of 
fire” seen ^^running about the deck” of the Rodney, with the 
flashes and sparks (J s3, 184), were more likely to be a series 
of lateral discharges of this kind, or by rvaves from the first 
kind (193), amongsl the articles below, than any part of the 
lightning which sbuck the ship. Electrical waves produced 
by a discharge through a conductor situated close to the pow- 
der magazine would produce intense sparks amongst the 
powder barrels, whose metallic linings and hoops would 
reciprocally exchange them. 


* Main stroke is the name given to this phenomenon, by Viscount 
Mahon, who studied this kind of lateral discharge very extensively. 



Researches in Electricity, Magnetism, ^c. 177. 

A comparison of the observed effects of Lightning, and 
the probable effects which Lightning would produce by the 
application of Mr. Harrises system of conductors to shipping, 

204. Were there no other data than those afforded by the 
f usion of the metallic sheave, belonging to the Rodney (183, 

' i 84) : and the fusion of the chain conductor belonging to the 
brig Jane (191 note), we should haye ample demonstration of 
the super -eminent calorific powers which lightning exercises on 
metallic bodies of considerable dimensions : and of the probable 
effects producible on masses of still greater ma^itude, by 
the same agency. These specimens of electric action when 
exhibited on the grand scale of nature, and which . mock 
every human effort at competition, ought to be regarded as 
monitors of inestiriiable value, prominently and opportunely 
})laccd before us, as if commissioned by an ail-merciful Provi- 
deiice, to warn us of the imininentdanger, or certain destruction, 
to which thousands of mortals may be exposed by the mis- 
j)]acing of lightning conductors in ships containing combustible 
materials. Let us, then, avail ourselves of these well authen- 
ticated and most important facts, and endeavour to profit by 
the inestimable examples which they afford for our instruction 
and guidance. The impressions which these facts convey to 
the mind are too forcible and too definite to be easily mis- 
understood : they clearly imply that either of the discharges 
of lightning which struck the Rodney, or the Jane, would 
have been pciwerful enough to have rendered even the thickest 
part of Mr. Harris’s conductors sufficiently hot to ignite 
gunpowder ; and that a similar discharge of lightning strik- 
ing the inizen mast conductor, should it pass through the 
powder magazine, would probably be the means of the ship 
being blown to atoms. Hence it becomes obvious, that the 
calorific effects alone, by a direct discharge of lightning, 
would be sufficient to put in the most imminent jeopardy 
every vessel which is furnished with conductors that pass 
through, or near to, the powder magazine. 

205. It appears from Mr. Harris’s list of cases (187), 
that the lower masts are more frequently injured than the 
top-masts, and the top- masts more frequently tlian the top- 
gallant masts : hence, although the Rodney and some other 
ships have been struck above the top-raast, it is obvious that 
lightning more frequently strikes the rigging below the, top- 
mast -head than above it; and by taking into, account the 
damage done by the mere failing of the top-gallant mast, as 
a consequence of the masts below it being struck and injured, 
it is hignly probable, that the cases in which lightning strikes 
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tiie spindle at, or above, the top-gallant mast head, bear a very 
small proportion to the cases in which lightning strikes the sides 
of the masts and yard-arms. From this inference, it will be 
obvious that an oblique flash of lightning striking the body 
of the rigging, could not airive at a conductor, let into the 
wood on the after-side of a mast, without damaging the mast 
itself ; unless it came from a cloud astern the vessfd. Were 
the lightning to strike any of the yard-arms in order to arrive 
at a conductor, that yard-arm would receive as much damage 
as if no conductor had been there : and it is even possible 
that the conductor would be the means of increasing the 
damage, by causing the lightning to run along the whole 
length of the yard-arm to the mast ; and the mast itself 
might then he traversed by the lightning and shattered be- 
tween the yard and the conductor. The sails, ropes, spars, 
and every article which the lightning traversed on its way to 
a mast, would receive precisely the same extent of damage as 
if no conductor were attached to it. x\nd men placed in, or 
near, the track of the lightning would he as sure to receive a 
death-blow as under any other circumstance in which light- 
ning entered the rigging. Moreover, as these con- 

ductors would ofler increased facilities for lightning to strike 
the masts, all the evils usually attending oblique discharges 
through the rigging to them, would necessarily be increased 
in like proportion. 

206. To whatever species of force we may be disposed to 
allude, the bursting of the massy iron hoops on t|\e main-mast 
of the Rodney (183), we are compelled to infer that a similar 
force operating on a mast with its conductor, would be produc- 
tive of similar effects, to a certain extent. If we are to suppose 
that the hoops were destroyed by the force of a lateral 
explosion of the first kind (193), then a similar lateral explo- 
sion between the mast and its conductor, would shatter both 
of them about the place where the lightning struck the mast : 
and it is not overstepping the boundaries of electrical evidence 
to infer, that the closeness of the conductor to the mast, would 
be one circumstance at least, conducive to the destruction of 
the latter. The iron hoops on the main-mast of the Rodney 
were close jainbed to the wood, and situated under the best 
circumstances to be split open from a sudden expansive force 
Ufithini Upon the same principle a conducting strip of cop- 
per, ^lose jambed to the wood within a groove in the mast, 
might probably, not only be burst asunder, but peeled from 
the wood for many feet upwards and downwards, from the 
point where the lightning struck the mast. No circumstance 
could tetter Substantiate the veracity of this inference than 
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the following, which is so clearly described in the accounts 
from the Rodney. The copper binder round the truck was 
burst asunder, a small piece broken out of the truek, and one 
of the metal sheaves for sigifeil halyards slightly fused.” in 
this case the fused sheave was within the boundaries of the 
copper binder,” and as it is highly probable that the light- 
ning was divided between the two masses of metal, in this 
part of its course, the force of the lateral explosion occasioned 
by that portion only, which passed through the sheave, was 
.sufficient to burst asunder the exterior copper binder. If it 
should be discovered that the copper binder of the truck 
sufficiently heated to render it brittle, such circumstance 
would certainly facilitate the rupture of the metal ,* but by no 
means invalidate the inference I have drawn respecting the 
effects of the lateral force : whilst at the same time it would 
be an additional proof of the astonishing calorffic ef^cts 
which lightning is capable of producing on the best metallic 
conductors, 'ihe manner in which the fragments of the iron 
hoops were magnetized, if we consider the lightning to have 
descended, would prove that it traversed the mast within the 
hoops, and its lateral force the cause of their being torn asun* 
der (183, 184). 

207. The electro- magnetic effects occasioned by a flash of 
lightning traversing conductors which pass through the hull 
of the vessel would be exceedingly injurious to the chronome- 
ters on board; by magnetizing every piece of ferrugincMiB 
matter which enters into their construction ; and thus de- 
ranging their performance to an irremediable extent, whilst 
those pieces remained in the instruments.. Not only would 
the principal conductor in the mast, be proftuctive of these 
effects, but every strap, knee, and other metallic appendage 
to that conductor, would communicate permanent magnetism 
to all those morsels of steel which form so essential a part to 
those valuable horological instruments. The chronometers 
on board the Beagle, surveying ship, to whose safety Mr. 
Harris ascribes the instrumentality of his conductors ;♦ are, 

• 

* The report from the Beagle shows that the conductors had 
performed their office and defended the ship ; this, it must be allowed, 
was of the utmost, perhaps vital, importance to the survey on which 
she was employed ; since, if the vessel had been struck by lightning, 
it is more than probable that the many valuable chronometers, 
compasses, and philosophical instruments of various kinds, nec^sary 
to the survey, would have been seriously damaged : the cabin 
apart for the charts not being far from the main mast,’’ Harris's 
State of the Question ^c. Section E, p. 7. 

The above paragraph would imply that the Beagle was no< struck 
lightning : but as Mr, Harris has elsewhere given & different 

• 02 
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by the circumstance of their not being injured, almost certain 
evidence that the ship was not struck by lightning at those 
times when the hissing sound was heard on the masts” 
(185). Had a discharge of lightning traversed the main- 
mast conductor, every chronometer in the cabin would have 
suffered from its electro- magnetic influence ; and no plan or 
invention whatever, excepting such as would distribute the 
electric influence on every side alike, could possibly prevent 
chronometers from being subject to these magnetic effects. 

208. Mr. Harris is of opinion that the light which appeared 
to run down the masts of the Dryad (1^5, 186), w-as a decisive 
evidence of the ship being struck by lightning in the com - 
mon way, but without the ordinary ill conscyquences and 
says, the electrical agency seems to have fallen so powerfully 
on the masts, that it produced about them a luminous at- 
mosphere ; a phenomenon not uncommon when large (pianti- 
ties of electricity traverse conducting bodies, in a heated or 
rare state of the air, such as that usually found on the coast 
of Africa.”^ 

209. It is true that rarefied air, whether hot or cold, will 
facilitate the production of a luminous atinosi)hcre around a 
conductor carrying an electric discharge ; but this is not the 
case with unattenuated air, though of a high temj:)erature : 
but on the contrary, heat offers a decided resistance to the 
display of the phenomenon and confines it within narrower 
limits than it would otherwise expand to and occupy. Unless, 
therefore, it can be shown that the han)nioteri^ coli|pm was 
exceedingly low indeed at tlie time of the occurrence, Mr. 
Harris’s explanation is by no means applicable to the case. 
Neither would % luminous atmosphere, such as Mr. Harris 
calculates on, have any resemblance to the phenomenon 
described by Caj)tain Turner : for instead of its appearing 
like lightning running down the mast, the phenomenon would 
have been a momentary glowing column of electric light. 
We cannot produce Anything like a running light when the 
conductors are sufficiently good and capacious to conceal the 
motion of the fluid,* though such a phenomenon may easily be 
produced by the employment of inferior conductors. 

210. I have seen a globe of electrical light traverse the 
surface of a wet silken cord, upwards of three feet long. One 

opinion (186), it is possible that this passage was intended to state 
that those instruments would have been damaged “ if the vessel had 
been struck by lightning ” and not furnished with his conductors at 
the time. 

* State of the Question relating to the protection of the British 
Navy with Lightning Conductors.’* 
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end of this cord was tied fo the lower end of a kite string, in 
wliich a strand of copper wire w^as laid, and the other end was 
tied (o a young tree. Some non-commissioned officers of the 
Koyal Artillery, who were looking on, thought that the elec- 
trical globe was a))out the size of a musket ball. The light- 
ning was very heavy at the time ; but neither the kite, which 
was only about hfty yards high, nor the string, were ever 
struck by it. The hissing noise in the string could be heard 
at the distance of a hundred yards! 

211. On one occasion, at Maidstone, a continuous stream 
ol' dense sparks traversed the same silken cord when quite 
dry, for several successive minutes, w hilst a cloud passed over 
the kite. The siring wms cut, or burnt, at about three hun- 
dred yards from the ground, and the kite lost : but no light- 
ning was seen, nor thunder heard, at the tiir.e. More than 
fifty persons witnessed this fact. We heard thunder at a 
distance about some ten minutes after the cloud had passed 
over the field where w'e wn*re experinumting. 

212. At Kir!)y Lonsdale, in the spring of 1834, a man 
named W illiam Croft, was severely struck hy a discharge 
from my kite string, when no lightning was present. The 
electric fluid discharged itself over a four- foot long stick', 
which Croft h(dd in his hand, pointing tlie farthest end to the 
string. A luiil shower was falling at the time. Several hail 
showers fedl the same day from well de lined insulated clouds, 
leaving the sky quite clear after i he transit of each. Long 
dense sparks could always be had at the kite string on the 
approach of ?i cloud, and during its transit over the kite : but 
only very feeble electrical indications could be obtained when 
the sky was clear for some distance about thakite. 

213. Under similar circumstances, at Addiscomhe, I 
have had rapid spontaneotis discharges from a two-gallon jar, 
whose inside was connected with the kite string, 

214. I once received a severe blow from a kite string, 
when no visible cloud w^as within a miJeiof the kite, although 
the string, containing a wire its whole length, was uninsulated 
(tied to a tree) at the time, and at the distance of three feet 
from the place where I stood. The discharge took place 
over a dry silken ribband with which I was attempting to 
lower the kite. T had received several shocks before this 
heavy blow which was so severe on my chest, thigh, and shin 
bones, that I was deterred from taking down the kite, until 
a cloud, which 1 observed to windward, had passed over to a 
great distance on the leeward side. It was a thin ragged 
cloud, and did not discharge any lightning. This fact 
occurred in the Royal Artillery Barrack field, at Woolwich. 
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215. I have been particular in describing these fact»^ 
because they show that those phenomena which Mr. Harris 
considers as sure indications of his conduc^tors being struck by 
lightning on board the Beagle, and Dryad, are more likely to 
have been the mere consequences of electrical waives produced 
by clouds, or neighbouring lightning. Lightning invariably 
causes electrical waves, but is not absolutely necessary to 
their production, nor to the production of the phenomena in 
question : and as Mr. Harris has not taken any such facts 
into consideration, they will appear more important in this 
discussion : because if he has not been aware of them before, 
they may now possibly have a tendency to give him very 
different views to those which he has hitherto taken respecting 
the emtse of the phenomena which were observed on board 
the above named two vessels. 

216. It is highly honourable to Mr. Harris, however, 
that he has, in the most liberal and open manner, given a 
fair and ample invitation to investigate ‘‘ the state of the 
question relating to the protection of the British Navy from 
lightning” by that system of conductors whic*h he has jiro- 
posed.^ At the present crisis, a more important scientific 
topic could not well be imagined: nor can there be one which 
has a greater claim upon the serious considerat ion of every 
experienced electrician. I have been induced to respond to 
Mr. Harris’s solicitation in the hope that, from my humble 
example, others, more competent than myself, and with more 
ample means at their disposal, will be induced to take up the 
subject. I hope, however, that 1 have succeede^l in pointing 
out some important truths which, previously, were either not 
known, or unaccountably neglected : and that I have been 
enabled to place the true character of Mr. Harris’s plan of 
conductors, and the experiments intended for the illustration 
of their superiority over others, in a much clearer point of 
view than any in which they have hitherto appeared, 

217. Having no motive, beyond that of the public good, 
for introducing his conductors to the Navy in preference to 
other systems, Mr. Harris will feel a gratification at his 
solicitations to enquiry being thus promptly and diligently 
attended to : and that this great question has been fairly and 
impartially discussed ; that mere speculation has been stu- 


* It is therefore further submitted, that Mr, Harris may justly 
claim to have these circumstances fairly considered. In seeking 
§or an enquiry j he aims at nothing which may not come openly and 
fiiirly before the country, without any kind of reservation whatever.”^ 
Stale of the question^ ^ 
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(liously avoided ; and that no inferences have beeii drawn hut 
such as cither rest on incontrovertible data, or have ample 
probability in their favour. 

■■ ' " r 

Description of a new st/steni of Lightning Conductors for 
Shipping. 

21 S. the preceding investigation we are enabled to 

understand' that narrow strifes of . oj-per let into ‘he loasts 
aflbrd hut a very partial protection to a great part of the 
.ring, and arc liable to serious inpiry from oblique flashes of 
Hglhuing striking the masts (205 tiOti) ; and that, in order 
to prevent all hazard of leading ‘kstruction into the veiy 
vitals of the ship, it is more prudent to conduct ? 

cntirelyaway From (he interiorof thehull than uircctly 
it : and as clear from the jdaiic of the masts and as ^terioi 
to the principal parts of the rigging as circumstances will a ow. 
Hence, therefore, had the frwiuent hauling up of chain oi 
other Ilexihle conductors to the masts heads not been a 
serious inconvenience, those metallic chains, or ropes, s - 
ticiently numerous, would prohalily have been as secuie . 
protection to vessels as any that could easily he. '■''y**". ’ 
insteail of permitting an oblique discharge of lightni g 
traverse a portion of the rigging with the 
splintering a yard arm, or a mast before it arrived at tnem 
they would, by their ex/cr/or position, envelop witliiii thu 
houiidaries, not ^ily the masts hut the principa 
the vessel, a«d shroud them from the effects ol the ^ ’ 

and no plan of protection to the masts, from a perpendicvpi 
discharge of lightning, could be more perfect than a 8^“ 
of continuous conductors hanging from the iiiasts hea ., 
and passing over the sides of the vessel into the sea. As, 
however, the hauling up of such systems of con uc ois, 
the liability of their being an obstruction to the working y 
the sails, &c., are strongly urged as ohjpctions to gene- 
ral use: and that conductors are absolutely desii able, 

not only to prevent occupying the time of the men w 
wanted for other duties of the ship, hut also to he constant 
readiness to parry the effects of sudden or unexpec e e e 
cal storms,we should endeavour to employ all such _ 
are available to accomplish this great object : and as simp - 
city and security ought to he the leading features ^ 
plan, and economy always kept in view, I am no ^ 

any plan so likely to meet the demands of the c’fca 
to so great an extent as the simple system of conductois 
which I now propose to describe. 
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219. Nothing can appear more simple than to attach 
fixed conductors to the lower rigging, b(‘causethe lower masts 
are always standing under every circumstance of weather. 1 
therefore propose to protect tin; lower masts and rigging by 
cylindrical rods of copper; four to each mast, and situated 
exterior to the slirouds, having one before each foie -shroud, 
and one aft each after-shroud. The upper extiemities of 
these conductors to be attached to the fore, main, and mizen 
tops, as distant from the masts as circumstamtes will allow : 
and in any manner most secure and coii\ enieiit. Tlu3 lower 
ends of tliese copper rods to be fixed to the chains on the out- 
side of the fore and alt shroud of each mast : and continu(Hu 
by broad and stout straps of copper, to the co])per sheailiing 
of the vessel. By these means both the sfarboard and lar- 
board slirouds of every mast would each be Hanked ])}" two 
conductors, which would be always a{ tlieir ])osts ready to 
receive any Hash of lightning tending towards tin? masts, from 
whichever side of the ship it might approach. As tliese con- 
ductors might be made to exttnid to some distance /'o7C and 
aft of llieirrespective slirouds, wiihout obstriiclinglhe working 
of the lower sailsj they would form an aliiiemeiH on both sides 
of the vessel so as to protect eath other’s mas!s as W('ll as 
their own. To prevent lightning from ciiteiiiig the low(‘r 
rigging from ahead, \ propose a conductor on t'ai h side of the 
fore-stay, their upper ends to he united with tli<‘ (‘onduotois of 
the foremast, and their lower end.', with the sea in the most 
convenient wajx The whole of thesis conductors would he as 
perinaii^il, and as uiiolistructive to tlie working of the ves.sel, 
as any part of the standing rigging ; and, with the exception 
of the after part, woul<I so conipieiely eiishield the lower 
rigging, as to parry any Hash of lightning tending towards it. 
Thelower yard arms would howe\ erst ill be unprotect ed though 
not so liable to receive injury from without, as by Mr. Hairis’s 
system ; because, in every position, they would be near to 
some of the condut;tors, which would relieve them of any dis- 
charge they might receive before it arrived at the mast. Yard 
eirnis would be very easily protected by flexible conductors 
uniting them with those which are permanently fixed. By 
such a simple system of conductors the whole of the lower 
rigging would be as completely protected from lightning as 
any system of fiored conductc>rs are ever likely to protect it : 
and certainly without the slightest chance of injury to the 
lower masts or to the hull of the vessel. For though there 
were no conductors in the upper rigging, and that lightning 
were to strike an upj.er mast, it would do no injury below the 
lower mast head ; as it would there enter the system of con- 



llesenrclies in ElectricUy, Magnetism, ^c. 185 

diictors, which would convey it over the edges of the vessel to 
the sea. 

^:20. The topmasts and rigging are easily protected by a 
sysieni ol‘ conductors siinila:j; to those already described for 
the lower rigging, and may remain perniaiienily fixed as long 
as the topmasts are standing, i hey may consist either nf 
inflexible rods or of flexible metallic ropes of siiflicient dimen- 
sions, four to each topmast. 1 im lower extremities of these 
conductors are to be united ^ith the upper extremities of the 
lower oiies; and their upper extriuniiics to the cross-trees. 
Tile up|)er and lower systems of conductors may be so con- 
tinuously united, by the former sliding on the latter, as to 
present no inconvenience whatever, even under circumstances 
necessary to strike or to remove the topmast. 13y these sys- 
tems of (H)iidnctors every liart of ilie sliip. below tin* topmasts’ 
heads, would be well };iiarded; and without the slightest risk 
of (hutg) r ii'om the pri'scnce of the conductor; and as light- 
ning but seUiom strilo's the rigging higher than the cross- 
tr(H.'s, it would not he of much conseijuence to carry the con- 
ductors higher up. Of'IicjUe fliishes ot lightning whicli might 
otherwise strike the top gailan: mast, would be directed to the 
topmast licad -when {urnished with tliese conductors. 

221. As, however, every chance of danger to the men, 
and every Sjiccios of damage to the vessel ought strictly to 
be avoided as lar as practicability will admit, it still appears 
desirable to furnish th<‘ top-gallant rigging with conductors : 
and perhaps tho^ wdiich woulil give the least trouble to the 
men, wouhUbe strips of copper let into groves in the masts, 
according to tlie plan proposed by Mr. Harris; but instead 
of o/te strip only to each mast, 1 should propose three in each, 
at equal di.staiu^es from each other ; which, by having an ex- 
posure of metal on every side, would he a greater security to 
the mast than by its having one strip only. I'hese strips of 
copper need only be narrow, and of moderate thickness ; as 
they would he made to act in concert by uniting them at, or 
near to, the truck, with a copper band. A similar band 
would unite them at the lower end of the mast. Precautions 
similar to those so admirably contrived* by Mr. Harris, for 
maintaining metallic contact between the top-gallant conduc- 
tors and the system next below, must, necessarily, be attended 
to. The strips of copper should be continued to the vane 
spindle. 

222. Four cylindrical copper rods, or four flexible metallic 
ropes, stretched from the cross-trees to the truck, parallel to 
the top-gallant shrouds, would aflbrd a much better protection 
to the top-gallant rigging, than arfy conductors Jet into the 
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mast. Flexible conductors would be as easily set up, or 
taken down, as the shrouds themselves. 

223. The bowsprit would be very well protected by the 
conductors accompanying the fore stay (219), they being con- 
tinued on each side near its lower surface, to the sheathing at 
the bows ; and the jib-boom would be protected by threes 
copper ropes, or chains, reaching from its extremity to the 
conductors of the bowsprit. The jib-boom, however, l)eing 
so little liable to be struck^ by lightning, presents no very 
strong claims to attention. 

224. Let fig. S, Plate IV, represent a transverse section 
of a vessel through the plane of a mast. Then the lines c c, 
c c, will represent the conduct ors’on the after -side ot lower 
shrouds ; and the inner lines c' c' and c' c the coiidu<;tors on 
the fore-side of the lower shrouds. The lines t t and t /will 
represent the conductors on the after-side of the topmast 
shrouds; and the lines t' t' and t' f will represent the con- 
ductors on the fore-side of the topmast shrouds. Th(' con- 
ductors of the top-gallant masts are too easily understood lo 
need further illustration. 

225. Having thus described a system of marine conduc- 
tors which, to me at least, appear more oflicient and less ob- 
jectionable than any other hitherto olFered to public notice^ ; 
the next consideration would ])e the expense of eejuipment : 
which 1 will compare with the expense of equipirnuit by* Mr. 
Harris’.s plan. The following official document, which is 
copied from Mr. Harris’s pamphlet, is highly valuable on 
this point ; coming from the best authority it furnishes un- 
exceptionable data. 

226. JDocunients relating to expense. 

The following are extracts from a r<q)ort by a gentleman who 
was sent from his majesty’s dockyard ut Chatham , by order of the 
commissioners of the navy, to estimate and inspect the work ; and 
who, being a naval engineer, and olherwuse a person of great in- 
teUigeiice, was considered by them equal to the task. 

** His Majesty's Dockyard, Chatbam, July 9, 1834.’* 

Sir, — In obedience to instructions received from the principal 
ofEcers of this yard, in conformity with your official communication 
of the 1st instant, I herewith enclose a statement (in a condensed form) 
of what would be the expense, in labour and materials, of applying 
Mr. Harris’s lightning conductors to each class of ships, supposing 
them fitted at the most eligible time. I have likewise ventured to 
a^end a few cursory remarks, which seemed necessary in order to 
afford a criterion of what mhy probably be the ultimate expense to 
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the public, in the event of the plan beinjr generally adopted in the 
service. With this view, 1 beg further to transmit schemes of 
prices for labour, for different artificers employed on the work, 
upon which it should be added the accompanying estimate has been 
made.” 

I have the honour to be, &c., &c., 

W. M. RICE.” 

‘^To G. J. Smith, Esq., Secretary of II.M. Navy, &c,” 

Mr. Rice then proceeds to givfe a complete table of particulars in 
the fitting each part of a ship, according to the plan above men- 
tioned, the whole of which it is not necessary to detail here. It 
will be sufficient to state the general results as they appear in the 
last columns of his table. 

TABLE 5. 


j Total of Masts and Hull. 


Class of Sliifis. 

Labour, 

&V. 

Rec.oMvertible 
Copper Matprialj 


£. 

s. 

a. 

£. 

s. 

d. 

120 gnus 

fiO 

18 

0 

805 

12 

2 

84 .. 

56 

18 

0 

292 

19 

11 

74 .. 

54 

\7 

0 

268 

2 

3 

50 . . 

50 

16 

0 

235 

17 

3 

40 . . 

45 

15 

0 

190 

16 

4 

28 .. 


14 

0 

123 

13 

3 

18 .. 

29 

12 

6 

89 

14 

8 

1 10 .. 

24 

10 

0 

77 

16 

9 


83. Upon this report Mr Rice offers the following remarks:— 

• . 

‘‘ This estimate is grounded on the supposition that Mr. Harris’s 
plan be applied to ships at the most eligible time, viz : during the 
progress of building or repairing, when the essential or original 
fastenings of the hull may be made to subserve as conductors: 
much delay w'ill be thjj^s prevented, and many contingent expensCsS 
saved.” 

‘‘As the prompt execution of work much depends upon the faci- 
lities afforded to the workmen, 1 beg, without further recapitula- 
tion, to refer particularly to the arrangements proposed in the 
letters and drawings which I had the honour, on a former occasion, 
to submit for the consideration of the commissioners of his majesty’s 
navy ; humbly conceiving that they will greatly assist the desira- 
ble object contemplated by Mr, Harris, inasmuch, as by adopting 
them, the practical process will be greatly simplified, and the 
general introduction of the plan much facilitated.” 

“ It may be proper to make a few observations on the subject of 
expense. Referring to the accompanying condensed statement, the 
last column hvi one denotes the monetj absolutely sunk upon the first 
ship of each class fitted with lightning conductors^ and the last 
column, the outlay upon reconvcrtiblc matcrinls^ which must be 
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viewed as other articles of a ship’s furniture for the protection of 
lives and property, such as tifc^buoys^ &c. &c., wdth tiue allowance; 
for wear and tear. In taking, therefore, a prospective view of the 
expense, very considerable abatenieiit will be inatle upon the first 
cost by return of copper into store, which it is presinned will have 
suffered very little deterioration after many years’ service; more- 
over, the straps over the heads and lieelsof masts, nuts, aiulscrew^s, 
vanes, and vane-spindles, and the branch conductors under the 
beams, when removed from any ship, may all be placed in store, to 
be again replaced in other ships of the same class; the plates taken 
out of masts may probably be matle serviceable by redressing, or, 
at most, will only suffer a loss at the rate of oue penny per pound 
for remanufacturing : the plates removed from ships’ nulls may 
certainly serve for many shi[)s successively. Hence, should the 
plan be generally adopted, the amount of labour will be much re- 
duced by the appropriation of serviceable ariich‘s to several ships, 
so that the loss alone upon the material imist not he charged again 
upon a second or third ship.” 

The absolute expense to the public is really the aggregate of 
the amount of labour, cVc., as money sunk, with interest, together 
w ith the interest upon the first cost for copper for a given time. 
It would he difticult to assign any scale of per cenlage for the pro- 
tection of ships by lightning eonduclors; but, in (X'der to form 
some notion, within certain limitations, let the value of a first-rate, 
when fully equipped, be assumed in round numbers as worth 
10,000, the value of property simply considered, neglectingthe 
consideration of lives, and the dangers and disasters artsing from a 
disabled ship, and taking the avenige of five years’ run only upon 
the principal and interest, the annual premium would be less tlian 
^30., making the per centage under sixpence hnlfpenm^^ 

“ If we extend the term of >ears, the aliquot part oT the money 
sunk will of course be less, and then* fore the per centage will be 
reduced in like pro]iorlion ; but, if tliis view of the expense be 
carried forward to a second, or a third ship, the money sunk will be 
very considerably less, on account of the diminution of labour, &c,, 
whilst the term of years is still further increjfled ; and therefore the 
premium or per ceriiage^ 'looidd he ultimately trijiingP 

“ (Signed) W. M. RICE.*’ 

'‘Chatham Yard, July 9th 1831.” 


221. Mr. Harris* has given the following dimensions of 
his conductors for ^‘one mast of a frigate of fifty guns.”* 

_ _ ^ ^ , Length, Mean WUdth, Cubic Inches. 

3in. J^in. 82 

0 2-.5 95 

0 4 450 

0 6 1255 


On the Koyal role .... iHft. 
On the Top-gallant Mast. 17 

On the Topmast 50 

On the Lower Mast . . . 93 


Total copper 1882 

* Nautical Magazine for November 1837. 
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228. By taking the specific gravity of copper at 9000; 
the weight of lS82 cubic inches will be GlSlb nearly ; which, 
at one shilling per pound (and it may be had at a lower price), 
would cost £30 13s. This* average for each mast, would 
give £9i. nearly : the cost for copper on the the three masts 
of a fifty-gun frigate. 

By referring to Mr. Rice’s estimate for a similar fifty-gun 
ship, we find that the copper alone^ costs nearly £236. Then 
236 — 92“' £144, is the cost of the appendages, mostly below 
deck, to Mr. Harris’s conductors. 

There is still, however, another consideration in these esti- 
mates. Mr. Harris’s conductors proceed to the bottoms of 
the masts, grid are the broadest below deck ; therefore tlie 
quantity of copper above deck, in each mast, is considerably 
less than 18^2 cubic inches : and its cost proportionably less 
than £30. 1 3s. 

229. Now the quantity of copper on the lower mast is 
about two-thirds of the whole (227) ; and by allowing about 
one-tliird of that on the lower masts to be below deck, we 
have (2x02) 4-9 =£20. 9s. for the cost of the copper in the 
masts below deck. Rejecting the nine shillings, we have 
02— 20z:£72. for the cost of that portion of the copper con- 
ductors which are above deck. 

230. Now this seventy-two pounds-worth of copper (229) 
is, of course, supposed by Mr. Harris, to conduct lightning 
safely to the clock. Then, as my system of conductors, on 
each mast, yould act in concert as decidedly as if in one piece 
of njctal; they, with the same quantity of copper, would 
stand the same chance of being efficient to the chains as Mr. 
Harris’s to the deck : and consequently, the cost of the metal 
for my conductors, would be £72. with the additional cost of 
about £15. for the fore- stay conductors, and fastenings to the 
whole. 

231. The quantity of copper above deck in Mr. Hams’s 
system, does not appear to me to be sufficient, requiring at 
least one-half more. Hence the cost of the copper for the 
equipment of a 50-gun frigate, with my system of conductors, 
would be £130., calculating it at the rate of one shilling per 
pound, which is, perhaps, about one sixth too much ; and 
consequej^tly, the material for Mr. Harris’s system, would 
cost more than double the sum required for mine. 

'232. The next thing to be considered is the expense of 
workmanship ; which, for my system, could not possibly ex- 
ceed £20.: which, being deducted from Mr. Rice’s estimate 

of £50. 16s., would leave a saving* of £30. 1 6s. But Mr. 
Rice’s estimate is grounded on the supposition that Mr. 
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Harris’s plan be applied to ships at the most^eligible time, 
viz,, during the progress of building or repairing &c.” (226); 
4tnd, consequently, applicable under those circumstances only. 
Under all other circumstances, the expense would ^be enor- 
mous : the ship having to be completely dismantled above 
deck, and the lower masts taken out and removed from her. 
It appears therefore, from the whole, that under the best cir- 
cumstances in which Mr. Harris’s conductors could be applied 
to a 50-gun frigate the expense would be £286. 13s. To 
equip a similar vessel with the system which I have proposed 
would never exceed £150., reckoning the copper at one 
shilling per pound. At tenpence per pound the expense 
would be £1^. Taking the mean of these prices, the ex- 
pense of the two plans would stand as below. 


Harris’s system £2S6. 

Sturgeon’s ditto £139. 


Difference , . £147. 
For a 120-gun ship the difference 

would be nearly £200. 


233. The time necessary to equip any ship with Mr. Har- 
ris’s system of conductors, would be ten times that necessary to 
equip a similar ship with the conductors which I have pro- 
posed. Moreover, the latter system could be fiti ed to any ship, 
on any station or on any service, either at sea or in harbour. 
I do not, however, advocate the cause of economy as a primary 
object ; as the only gratification which I can experience must 
emanate from a consciousness of having made a proper appli- 
cation of the principles of science to the protection and 
welfare of my^ fellow men. 

Westmoreland Cottage. Pomeroy St., 

Old Kent Road, London. Sept. 8th, 1839. 

P,S. The readers of the Annals will perceive that this is 
not the precise subj[ect intended to form the fourth memoir. 
The subjects are similar, and this being the more important 
one I have given it the precedency. W. S. 


Westmorland Cottage, Pomeroy Street., 
Old Kent Hoad, London, Sept. 12th, 1839. 

My dear Sir, 

You arc well aware that the subject of electricity has for a long 
aeries of years, occupied a great deal of my attention : and marine 
UghJtning conductors have been amongst my most careful studies, 
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llioLiglj I have not published any of my ideas respecting them till 
very lately. 'Die now apparent intention of introducing your 
system of conductors into the navy has induced me, howe>|Br, to 
arrange the results of my investigations on this topic in a somewhat 
regular order, and as 1 was aware of your being at the Birmingham 
Meeting of the British Association, I was desirous of bringing iny 
views to light under circumstances which would give you the best 
possible opportunity of correcting any errors which, by possibility, I 
might have happened to have fallen into. My paper would not 
reach Birmingham till Thursday evening, the 29th ult. but as you 
were on tlie committee, I have no doubt of its being immediately 
})lac('d in your hands, and in sufficient time to peruse it, before it 
would be read. 

You will have perceived that the results of my investigation are not 
favourable to your plan: thc^y point to several objections which you 
flo not seem to have been aware of, which, as they are plainly 
flescribefl in the memoir, do not require to be particularized in this 
place. If 1 have fallen into any error respecting the probable 
effects of lightning through the instrumentality of your conductors, 
it is in consequence of the supposition of the mizen conductor pas- 
sing through the powder magazine. Although I have ^reat 
authority on that point: yet as you have ample means of avoiding 
so dangerous a situation, 1 would not urge that objection ; thougn 
I cannot find any data to conduct my reasonings to any other 
(uniclnsion than that, danger is always to be apprehended from ligkU 
ning being led. into the body of the ship^ not only from tfie calorific 
effects of the main discharge alone, but from the effects of the lateral 
<Iischarges, which your system of conductors does not provide 
against. 

Truth, an^ the welfare of our fellow men, being the only motives 
which either you or I can have in this iindert^ing, I have been 
particularly desirous that the results of my enquiries should appear 
in the most prominent and simple form; and I think you will 
acknowledgt* with pleasure that the candid and open manner in 
which 1 have freely discussed every point, can lead no one into error 
respecting the inferences 1 have drawn. 

I'he subject is of such paramount importance to every maritime 
country, and requires such general attention and rigorous investiga- 
tion, that I mean to submit the substance of my memoir to the con- 
sideration of the principal scientific bodies in Europe and America, 
in order that the subject may be fully sifted and clearly and satis- 
factorily explained by the ablest electricians lyhich the world can at 
this time produce. 1 shall publish it entire in the October number 
of the ‘‘Annals of Electricity &c.” and shall feel much pleasure in 
publishing any remarks you may wish to accompany it, either in 
favour of your own conductors, or any you wish to make on that 
system which I have proposed. 

I am, my dear Sir, 

Yours very truly, 

W. STURGEON. 

To W . Snow Harris, Esq. 

&c. &c. &c. 
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XVII. Memoir bn the employment of the oxy-hydrogen gas 
its applications to the purposes of Chemistry and the 
A¥ts, by means of the Silex safety Blowpipe, an instru- 
ment adapted to the perfectly secure combustion of ex- 
plosive gaseous mixtures in any continuous quantity^ and 
with jets of extraordinary dimensions. By W. H. 
WeekeSj Esq.,* Surgeon, Lecturer on Philosophical and 
Operative Chemistry, ^'c. 

Fertile in expedient and powerful in agency as the com- 
bined efforts of genius have contributed to render iiioderii 
chemistry, it may, perhaps, he fairly doubled, when vv(i except 
the mighty voltaic arrangements which enabled our celebrated 
Davy to decompose the alkalies and elucidate the basis of the 
earths, if, in the appliances of this almost universal science, 
we can rank one su[)erior, or even equal in its general opera- 
tion, to that which uniformly obtains from the use of the 
oxyhydrogen blowpipe, when its operations arc guaranteed by 
safety, and its management is skilfully directed. Our present 
purpose is not designed to trace the history and progress of 
this astonishing instrument, which, in the hands of our che- 
mists of the nineteenth century, and with the several iiiiprovc- 
ments it has gradually received, exhibits such small com})arison 
with its ancient form of construction and degree of e fleet, as 
scarcely to be recognized as belonging to the same class of 
philosophical apparatus. The daring essays, however, which 
have paved the way to this most important change, have too 
frequently been marked by the oc'currcn{‘e of alcirming and 
serious accidents to the enterprising experimentalists, while 
engaged in their researches with those tremendous agents, the 
*^qnixed gases,” as they have usually been denominated. Fore- 
most in this little phalanx of bold and ingenious master spirits 
appears the honoured name of Dr. E. D. Clarke, whose thirst 
for chemical and mineralogical knowledge led him, while thus 
engaged, repeatedly to the detriment of his health and the 
imminent hazard of his life. Many persons as well as myself, 

I doubt not, will reqollcct an engraved representation of the 
Doctor’s blowpipe, placed on one side of a thick deal wall or 
screen, with the jet pipe (the orifice of which seldom excec^ded 
one fortieth; of an inch in diameter) passing through the said 
wall into aii adjoining apartment, where the operator directed 
its action in comparative security. Prudent and even neces- 
sary as this precaution must have been originally, future 
chemists will probably view the engraving to which I have 


* Communicated by the Author. 
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alluded with a smile combined with feelings of wonder and 
congratulation at the march of scientific acquirement. The 
cKtremely hazardous character of Dr. Clarke’s blowpipe, yet 
notwithstanding his brilliaiif experiments and discoveries 
therewith, speedily turned the attention of eminent scientific 
clieniists to its adoption and improvement. It w^mld be not 
only tedious, but, at this day, e(jually unnecessary to recapitu- 
late all the ingenious ex])edients whi{;h have in turn been ren- 
d(‘red available, w ith various degrees of success, for the pur- 
])o.se of guarding against and subduing the explosive properties 
ol‘ ox> }iN(lrogeii gas in its a])plicalions as an agent of chemical 
n'searcit. t)ur brief consith^ration of the principal methods 
hitlu'rto ill use, may be reduced mainly under two heads. 
Tirst, the einployment of separate reservoirs to contain the 
respective gases (subject to condensation or otherwise) which 
ar(' made to unite in, as near as jiossible, the component pro- 
portion for fvjnning wat(T, immediately previous to tlieir exit 
iVoin tlie extremity of the jet pipe and their consequent igui- 
t ion. This method has doubtless tlie merit of perfect security, 
hut, though 1 have devoted no small share of attention to ex- 
periineiils of this description during the last tw'enty years, I 
lun e never been able to obtain upon this principle so great or 
so ijiiilbrm degree of heat, as wh(*n 1 have employed the gases 
in a state of previous admixture ; nor does it appear practicable 
thus to unite them, however ingenious the means, with suffi- 
(uent accuracy to ensure the fullest eflect to which they are 
competent when burnt from a single gas holder. The second 
class of se< ufitii'S to wdiich 1 have alluded embraces the object 
of combining the gases in due proportion, previously to their 
being ccuiveyed into the blowpipe, and then preventing a retro- 
cession of the oxyhydrogen flame, by the interposition of a 
safety medium. Now^ it is a w’ell known fact among chemists 
that this gas will not inflame below a certain degree of tempe- 
rature; the heat yielded by a piece of common touchwood in 
a state of glowing ignition, for instance, will not set fire to a 
stream of this gas, unless the wwd can first he excited into a 
flaim^ ; therefore whatever substance wilj allow of the free 
passage of the gas through its interstices, yet at the same 
time invariably reduce the temperature of the burning jet 
below the ordinary point at which its comhiistion obtains, will 
necessarily preclude its return in an ignited slate to tlie gas 
reservoir, and thus constitute a security against all explosions. 
To accomplish this desideratum, series of wire gauze, tubes 
charged with iron or steel tilings, and, above all, a congeries 
of small wires wedged longitudinally into a brass tube, have 
rejieatedly been adopted. I may permit myself to remark, 
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and it will certainly be w'itliout a shadow of invidious feeling, 
that several years prior to these several modes becoming 
public, they had a fair trial in the course of my own experi- 
ments, but in my hands they w(?re not invariably successful in 
preventing explosions. With the congeries of longitudinal 
wires, for a time, all went on well ; but if by any chance moisture 
found its way among them, or they became oxidated, a con- 
sequence which assuredly followed by frecjuenl use, then the 
certain finale was a “ l)low up/' ajid the disp(‘rsion of my 
apparatus in fragments throughout the laboratory. 

Now, as all projectors and inventors doubtless feel a inueh 
greater degree of confidence in their own schemes than can 
be immediately aj)j)rociated by other [)eoj)h', 1 .shall forbear to 
expatiate on what I conceive to he the merits of an apiniratus 
about to be submitted to intelligent and unhiassi'd men of 
science ; contenting myself with simply remarking that I Ihi\c 
. successfully employed it during many years past and in .voim; 
tJiousands of instances. Its security 1 ha\e imwd fihsohih’^ 
and its powers such as I would ratlier leave to be decided by 
experience than resting on my own assertion. 


Di'ficription of the Sfle.r-sa fe/y B/oirpijfe. 

Fig. 1, Plate V, represents a central perpendicular sec- 
tion of the instrument and its imnu‘diate appendages, the 
precise nature of which, I think, ma\ be rernh red pcrlci-tly 
intelligible without the aid of letter.s of referenev', provided 
the reader will place the figure before him w hik he perirses 
the subjoined particulars. The body of the apparatus con- 
sists of a cylindrical vessel, eleven inches in ludglit and four 
and a half in diameter, formed from sIum'I coj)per about one- 
sixteenth of an inch in thickness, and is firmly sujiported liy 
a circular f ot or base oi the .same material, projec t ing to the 
extent of one and a quarter inch from the porpendicultir lino 
of the cylindrical vessel, the bottom whereof terminates the 
horizontal plane from whence the projecting base comimmccs. 
The top of the in.strumont, or superior circular disc of the 
cylinder supporting* the tu])alar appendages to be next des- 
cribed, is not permanently soldered into its place, hut is pro- 
vided with a rim which descends within side of the cylinder 
to the depth of three-eighths of an inch; and, by accurate 
grinding of the twm surfaces in contact, is made to fit air-tight, 
or may Im easily so rt.*ndercd by the occasional of any of 
the cements which beconio liquid at a low temperature. 
This arrangement is found advantageous, a.s. b;> the {q)j)li(;a!iou 
of a spirit lamp flame fur the space of a Jew seconds, the top 
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of the instrumont may be removed and replaced with facility, 
and thus free access to the interior works of the cylinder, 
though such approacli eau rarely be recpiired. ( ’onseculively 
witli each other in a line dra^ii across the centre of the cop- 
per disc forming the top of the instrument, and with their 
low<*r rims permanently soldere<l tlunein, arise the three 
bra.vs seen in the sectional ligure, surrounded coiicentri- 

<’aily at their respective bases by ^ second piece of tube which 
lias the elfect of rendering them severally secure and lirm in 
their r(Hjuiied positions. W e will explain the object of each 
in siic( e.ssion, beginning with the one most conspicuous on 
the right hand, i his tulic. is two and three quarter inches 
in lieiglit, and one inch and a quarter in diameter, furnished 
at the top with a milled-edge screw cap and a collar of leather 
for tin; purpose of chising it air-tight. h'rom the side of this 
upright tulie projec ts a second, 1 hre(*-fouiihs of an inch in 
huigth, and at right angh's with the first, containing the 
socket which recei\'os tin* screw of the accompanying stop- 
cock ; the opposite end of the latter hoing in like manner 
altachi'd to tin* base or commencement of the annexed safety- 
tulie, three* inches in length, and seven -eighths of an inch in 
diannMer, from the right hand end whereof procoe?ds, to the 
distance of five-eighths of an inch, a stout brass projection 
prop<*rly [lerforated and communicating wdth the main tube, 
and into the (‘a\ily of this connecting piece are accurately 
ground the several jet pipes, straight and curved ; a method 
whereby they are imicli more easily and expeditiously shifted 
for use, during the various operations to he carried on, than 
tliey can jiossihly he when attached in the ordinary wuiy by 
means of screws. I'he extreme ends of the jet pipes (of brass 
and neatly turned) are made to terminate in a globular enlarge- 
ment, as seen in the figure, whereby they are preserved from 
overheating and destruction when the gas flame is long con- 
tiiiueil upon refractory bodies placed upon charcoal or other 
supports. W e come now to describe the central tube of the 
thn*c, seen in the section before ref<*rred to: it is one and 
three (piartcr inch in height, and one inph and an eighth in 
diameter, covt'red by a brass plate at top, through the centre 
of which is drilled a circular aperture, three-eighihs of an 
inch diameter at its superior edge, aiul decreasing dowmwards, 
so as to receive an inverted cone of solid pewter, carelulJy 
turned to fit perfectly air-tight when the requisite degree of 
pressure is applied. J"he mode of obtaining this pressure is 
simple and efleetive : from the inverted ha.se of the pewter 
cone, and secured thereto by means of solder, a.seends a 
small brass wire until it readies an inch or little more above 

P2 
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tho horizontal cross piece oi' the anf;‘l<'(l v»'rlical stays, 
Avhicli are attacheth hy ineiuis ol' a small screw, on each side 
of the main tube, a liitle hclow tlie edge of its circular top. 
Over this wire, to the heiglit of three (juarters of an inch, and 
resting loos(‘ly up, on it as well as the inverted cone, is jdact'd 
a helix consisting in five or six spiral turns of very (*lastic 
steel wire, about one-sixteenth of an inch in thickness. Again, 
upon the upper extremity ,of the lielix rests, also loostdy, a 
circular disc of brass, three-eigduhs of an inch in diameter, 
and one-eighth in thickness, its upper surface' being a [n rlect 
plane, while underneath it is shaped somewhat concave with 
a depending rim, to retain in its |)roper position the Uj)p<'r 
termination of the. helix before mentioned. Upon the upper 
surface of this small brass disc is resting tlu' end of a sen'w 
which is hollowed longitudinally, and passes fretdy over the 
perpendicular wire arising from the inverted conicid valve. 
This hollow screw has a delicately cut thread on its external 
surfac(', and. when turned by it.s millod-edge nut t)n the t<jj). 
revolves about the perpendicular wire, and works into a cor- 
responding socket in the horizontal cross juece of the vertical 
stays ; and thus, by means of the spring helix, regulates with 
perfect facility any d<igree of pressure . which it may be 
desirable to put on the conical valve. I'iie third or small 
tube on the left hand may be one and a half iiu'h in luught, 
and about five-eighths of an inch internal diameter ; it is 
simply closed hy a pr<jj('ctijig milh?d-'.‘dge senwv cap and a 
collar of leather, for the purpose of ensuring it air-tight, wlu'ii 
the ap])ara(us is used. Fiaan tlie left-haml .sid(‘ of llu' coj)per 
c}linder, and at the distance of one aiid a half in(*]i from tlni 
top thereof, proceeds a subs! antially made si op- cock, ter- 
minating outwardly witij a screw in the usual way, or, at 
jdeasure, with a heinispljcrical cap, having a smootli cylin- 
drical cavity iniis ctntre, for the r<‘ceplion of a corresj)onding 
tube, ground to fit air-tight, IFis stop-cock communicates, 
hy means ol tlie usual socket, with a small circular copper 
box, about one inch and a (juarter in diameter, wi'll secured 
by solder on the msidcj of the cylinder. From the hack part 
of this box, and cominunic'atiiig w^ilh its cavitj, descends, 
diagonally across the middle of the cylinder, a cojipc'r tube, 
three-eighths of an inch in boro, tlie lower end wben^eof tc'r- 
minates in a plane parallel with tlie base of the instrument; 
which })lane is perforated with four or fve holt's the size? of a 
large knitting needle, and reaches to within half an inch of 
the bottom of the cylinder; the tube being sernrely lu'ld in 
its diagonal position hy an elfective soldc'ring to thc^ hack of 
the copper box above mentioned. To the distance of three- 
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foiirllis of an iiu-h from undornoath the centre of {he Ijotlom 
of tlie (*o;)[)('r cylirid<‘r proceeds a brass lube of about live- 
ci,L;btbs of an iiudi ])ore, as seen in the se( tional figure, but 
n<'C(\ssarily conct'aled in per.s^)ective by the project ing base of 
(1 h; inslrunnuit . 'J'his tid)e in ordinary is securely closiui 
with a good cock, and serves, upon tbo removal of the latter, 
as an out bn for the wal er c-bar<>e employed when the apparatus 
is brtiugiil into operation in connexion with a reservoir of the 
mix(‘d gas(*s. 

'I he instrument as hitherto described is, perhaps, as por- 
ta]>l(^ as need be desired, ]>(‘ing wholly^ of metal, and weigbiiig 
only lii ty -three ounct's, inciuding stop-eocks, sahdy-tube, <S:c., 
cliarged for us«', log(*lber willi half a dozen jet pipes per- 
forated in progressive' degrees from one-tvventy-lifth to oiic?- 
te'iith and one-<‘ig]ilh of an inch in bore, to suit the various 
jmrpo.ses ol the’ eiperator. 

rattan of Jifofrpij}e a?7d adaptation of Apparatus 
^(‘UvraU y for use, (See. Jig, I 

1 laving closed the l<nver orifice* of llu* coppejr vessel with a 
good elastic cork, the cap at the top of the left-hand tube is 
to l)e‘ unscrewed, and, by means of a small lunnel, the cylin- 
der- charge'd with water until its surface reaches to within 
t iirt'e*-i’ourt hs of an inch of the* bottom of the tubers, leaving a 
circ’ular area or space as denoted by the unshade*d portion of 
the sectional ligure. 'I’he funnel being removed and the lei't- 
hand tube iigain cloS(*d, flie cap of tlie princij>al tube on the 
rigiit is now to he removed, incidental to its being charged 
(not over- tightly ; willi a piece of good soft and slightly 
moistened sponge of uniform texture, which being efleett'd, 
the cap of this tube is also to he replaced and reiulered air- 
tight by means of its leather collar. 

In onler to procure the granulated silex for charging the 
satety tula* already <l(*scrihed, a quant ity of wdiat is commohJy 
called “drift sand,” a sidistance mnv found adundantly on all 
our j\1acadamiz<?d roads, should he subjected to repeated 
washings with clear water, until nothing but the silicious 
granules are found remaining. These, being fii st dried, are 
to La* sc'parated, the large and irregular from those approtn i- 
ate to the j)urpose, by the use of a jnoper sieve which will 
allow of the passage of none lait the finer and most uniform 
particles ; w ith these the safety tube is to be accurateJy /Hied, 
so that no motion or change of place can occur among the 
granulations, when tlie tube is screwed to its connecting stop- 
cock, wdiich being done, the jet pipe selected lor fhe occasion 
may now he attached to the silex tube ready for use. 
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Mhat I have next to eoninuniieate relates to the valve sur- 
mounting the central I)ras& tuhe, anti will, I anticipate, pro- 
duce a smile from our scienlilic fiiemls, when 1 intonu (hem, 
as 1 now seriously do, that it is, a trork of snpererogat ton ; 
and, notwithstanding the pains I have taken in d(‘tail to ren- 
der its construction familiar. I regard it as being utterly use- 
less to the main intention of the in>-'run;ent. Ihe question 
will most naturally arise — Why then has it betm adopted, and 
for what reason should it bd retained.^ I answer that, though 
it can never be directly necessary to complete the security 
furnished by this form of blowpipe, it is, nevertheless, of con- 
siderable indirect importance. 1 am myself convinced to 
demonstration of the absolute security atlbnled by the inter- 
position of the granulated silex, nor should I, for one moment, 
hesitate to discard even the water cylinder, and without any 
intervening medium whatever, attach my silex tuhe at once to 
a gas holder containing a thousand cuhic: feet of tlu^ (‘xplosive 
mixture, hy the sid<‘ whereof I should w'ork with the eoiiipo- 
sure which arises from implicit confidence, that di'pendcnce 
being not merely a theoretical conse<|uencc, but the rrsult ol 
more than twelve years’ practical assurance nt'e(‘ssarily be- 
gotten by experiments repeated almost ad infinitum, Ikit I 
have no right to expect that my assertions alone, or the evi- 
dence growing out of my individual experience, can, in the 
absence of ocular jjroofs, pnMluee conviction to the minds of 
others, especially in a pursuit fraught from its (‘arliest origin 
throughout with a frequency of tl.e most tremendoiis e\[>Io- 
sions and their usual alarim’ng train of efiects. •Mr IJem- 
miiigs, several years since, in spi^aking to a scientific friend, 
of his apparatus for burning the mixed gases, said ‘ his friends 
w ere afraid of him, and, although he felt quite safe in using 
his tube, even with a Pepy’s gas holder, yet those near to him 
always made a simultaneous movement when he began to 
operate.” Many a time and oft. not only in the lecture room 
but during the dcliglitful liour of association witli a knot of 
friends in the privacy of the laboratory, spite of theory, de- 
monstrations of security, and the exhibition of cool contubmee 
oil my own part, hate 1 witnessed this “simultaneous move- 
ment,” when about to employ my silex tube for the deflagra- 
tion of the combustible gases.* It is, therefore, not only 

* Among ihe^ersonal friends whom I have the pleasure to rt'- 
cognise as liaviug devoted their talents to tlie a<lvaneemeiit of this 
department of cliemical science, 1 cannot hut recall to my mind, 
with a feeling of extreme satisfaction, the name of Mr. 'l\ (>. N. 
Hutter, of liyiriington, Hants. This gentleman is the inventor of 
a very improved species of oxyhydrogen blowpipe, whereby the 
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essential to ])rovi(le an al^solule security but also absolutely 
essential to {;roduee an ocular means ol conviction that, such 
S(H'urit\ exists, guaniiitoed even to a thre<iloId degree, ere we 
can hop(‘ to render the oxy byjrotreii blo\vpi[)e extensi\ eiy em- 
ployed, and W'liib' we disarm the natural timidity of iiu3xpe- 
rience, to place it bf’yond the power of the inadvtTteiit or 
careless opfjiator to comj)romise himself and his friends in any 
mt)rc' than a harmle>,s }»v)p-gun ex}dosion. '1 hese, then, are my 
reasons for retaining; the valve already described, and which 
may be acljustec.! with remarkable facility to any deg-ree of 
])ressure, simply by turning' the milled-edge nut of the vertical 
screw previously «‘xplairu*d in refereru e to tig. 1. W e shall 
pvescmtiy have occ asion to recur to the subject of this valve, 
when treating of the opciration of the instrument ; but I wnll 
avail myself of tlie present opportunity to suggest to my scien- 
titic friends, that they may find this deseri})t ion of safety valve 
extremely simple in its action and ellcictive in practice, as 
applied to philosophical apj^aratuson man y occasions, wherein 
il.s so/ery properties will lie more c^xprossly^ operative and de- 
siralde than in thc^ present instanc’c of its ap})licatioii. 

'bhc' reader is ncnv referred to fig 2. Plate V. d he arrange- 
ments hitherto prescribed having been carried into cH’ect with 

respective gases are <;onclensecl into separate copper reservoirs of 
large iiimensioii-i, and ignited at thc‘ instant of their union in a com- 
mon oritice analogous to the j>riiiciple some yt^ars since adopted by' 
l*rofessor Hare, of IMidadelpljifi. One of these instruments co>i- 
structed to o^'dc'r by Messrs. Jones of London, weighed, indepeii- 
d<*nt of t}i<3 condensing syringe, 53 pounds; thus providing for long 
coiitiniied action, c*<M taliily, in numerous instances, a most important 
consideration, w ithout even the shadow of danger from explosions. 
In refercMiee to the point of iny remarks in the text, I am sure my 
friend lbitt<*r will excuse' me, if I e^uote a few lines from one of his 
eoininunieations to me a few' years since^, as nothing can more for- 
cibly illustrate! tlie frecpient danger, as well as the general feeling 
of apprehension neeessarily connected in ordinary with gas-blow - 
}>ipcM'xperiments. 1 must premise that, as a mere memento of 
estc'cm, 1 had forwarded to Mr. Hutter one of my s ilex safety tubes 
for his acceptance and trial. Hesays, ‘‘Altl\pugh I have your assur- 
ance that your silex tube is.w/e, I cannot conceal from you that 1 shall 
use it witli ‘ fear and trembling.’ An accident that liappeiu'd to 
me in IVlay, 183‘2, makes me very' careful of ex})losiv'e mixtures. 1 
bad a bh>w up’ that left me bleeding out of about forty difiereiit 
places, spoiled an entire suit of good clotlies, disfigured about fifty 
volumes of books, stripped the ceiling of some of its plastering down 
to the bare laths, and mft other marks that w'ill not be easily 
terate<l, to say nothing of a glass receiver, a porcelain mtio, 
various other articles of apparatus which w'ere totally destroyed.” 
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the requisite degree of precision, the blowpipe is to be plucecl 
towards the leit-hand end of a s(iH)ng and rat Inn* heavily 
formed table of convenient height , vvliich. from its weight and 
resistance of casual dis!urbam;e, will conslilute a inattuial 
advantage to the operator. 'I'hc necessary connexion, be- 
tween the blowpipe and the gasholder to be employed on the 
occasion, is now to l)e establi diet! !/\ the intervention of an 
elastic gum tube from tliree to lour led in length, or of great (U* 
extent, at pleasure ; one end ot the tube? l)e?ing attaehi‘d by an 
ordinary screw-socl\(‘t to tin* extremity of the stopcock trom 
the gas holder, and the other, by means of a u/tion joint, lo 
that of the blowjupe. In working I prefer to plact' the gas 
holder completely within reach ’of my lel‘1 haml, as bt'ing 
thereby more under Jiiy immediiite command and proportion- 
ately conducive to convenienct'. The varicus gas hohlers 
acting upt)n the liydrostatic prir.ciple — such, for instam e, as 
the ingenious and (generally) valuable invtmtion ot'l’epy's- 
I find are ])y no means well adapted to the ])urposes oj’<>perat ion 
with the oxyhydrogen bIowj)ipe. Tlu'ir u>e not only ia\ol\i s 
the iieeessity of an assistant, but it is utterly impossible to 
obtain by ththr means an e(|uab!e and nniibrm ihgrc'e of 
pressure; both of wliieh objects are s<‘cured to a single o| era- 
tor by the use of the gas holder and gasometi'r shown in liie 
figure; and, though the one I am in the habit of noplojing 
(capable t>l' containing several cubic bn t of ibe exinosivt' Jni\- 
tiire) ditfeis in s<anc few lest.t'ds fr('in tbos(' in general ust* 
among chemists, 1 am sure its opcrati\e jii inriple is too »;bvi- 
ous and generally known to reijuire Irom me a^y t sj:t‘cinl 
description. I'lie arrangemeni of aj»paratus berein sugg<*sted 
is, I believe, as eompaet and commodious as can well lx* de- 
sired, either for tin* pniposes of the public b‘ctur(‘r, or tliost'of 
private manipulation; the blowpipe, owing it) its perleclly 
flexible medium of communication with the gas iiohh r. being 
readily brtmght into any required position, or ])]aced at tin*, 
most desiral)le degree of elevation as respects both operator 
and observers. 


Operative rnanagvmenl of Apyaral ns. 

"I'he preliminary arrangements being completi'd, h't tin* 
operator place himself alongside the table and right a])rea.st of 
the ])lowq)ipe i .^e will then with Ids right hand have* entin* 
command over the ignited jet, his several supports, and tin; 
substances to be refluced or cUherwise acte d u]K)n ; w hil<‘ wdlli 
his leftHhnd he will secure the nianagcnn'nt of tin* gasholder 
and regulate his supjdies I herefrom. Let bini commence Ids 
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operut i<-us by loading*- tbo invrrlrd ^as 1)^11 with th(' rpcjuisitc 
dt'^j^rot' of tlouo ihr s<oj)(*ock next the safety tiibo 

is to be turned oj)('n, eitlu'r wholly or in so much as may be 
<h;, iH(}d ;ulefjiiat(‘ to the ejijx'cial occasion, subject to sub- 
scijiuMit correction in working the instrument. 'J'iie commu- 
nication with tlie ^as holder should now be estalilished by the 
<.'[)('ratoi’ f>])(‘ninL»* the otlier two stopcoc ks in siicces,si{Jii with 
his itd't hand, and lu^ Nsili find there will immediately follow a 
('onlinuous low i>ur^lin,i; soiimk occasioned by the passage of 
(lie down th<‘. interior copper pi[)e. formerly descrilied, and 
its ia‘-as(‘ent throui^h the water ol’ tlie cylinder. He may, 
without linther d<‘Jay, apjdy a taper or lighted match to the 
extremity or knob of lh(^ pipe, when a cone of flame (re- 
gulated l»y' tlie dogrt*e. of pressure on tln^ invi'rted bell, the 
opening ni tlie airway of tin? stopcocks, and tlie orifice of the 
jct (unploycd) 1‘rom tv\o to ten or twtdvi* inches in l<mgth, and 
of prtjporlionate dianmter. will lie liroiight into instantaneous 
play upon tlu^ subject ol bis (‘xjx'rinumts.* So long as it is 
intt?iulcd to continue the instnimeiit in action, not w itbstand- 
ing a temporary suspension of the gas flame may occasionally 
prove to b(^ ro(juisite, it will b<‘ unnecessary to interfere with 
th(» stopcock proceeding from the gas holder, and c’ouuiiuni- 
( at ing (.lirect ly witli liie elastic tube, d'he loft hand stopcock 
of the blowpi])»? being closed — and it will be infinitely prefer- 
abl(^ to cut oil' and r(‘gulate (he supply to the jet pipe prin- 
cipally by imxuis of this stopcock — the gas flame will in the 
next instant become extinguished, and its disappearance' be 
accompanied liy a faint and harmless report onlyx proceeding 
i'roni an exjilosion of the last portions of gas remaining in the 
tubular cavity between the knob of the jet pipe and tlie an- 
terior extremity of the silex safety tube. 

* Tlic'sci Icmgths of {lame and c'ven greater arc* safely attainable 
from (be, use of this instrument; but it is a mistake to suppose lliat 
tins cireuiiistanee is of any practical importance, d'be point of 
grc*atest luuit is in fact to be founci near the orifice of the jet pipe 
fiom wbicli the gas issims. But though the length of the gastlame 
he? of scx'onclary consideration to the cjpenv^or, whatever tends to 
increase its diameter is of the first-rate advantage, as it w ill enable 
liini not oidy to bring much larger bodies W'ithiii the sphere of its 
action, hut lie therreby obtains a very great augmentation to the 
degrc?e of lu'at. ♦ In this particular respect the blowpipe now in 
c|uestiou affords far greater facilities than any other fi>rm w ith 
w'liich I liave the pleasure to be acc|uainted, wherein a singicr gas 
liolder is ust'd, esjiecially wlieii the gas flame is dirc'cted downwards 
upon any substance rather than in a fiorizontal iincx 
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Observations on the principle of safety. 

In the sectional roprosentation, fig. 1, it will he perceived, 
as we have already had occasion to inenlion, that the water 
line terminates at the distance of three-fourths of an inch from 
the top of the copper cylinder, the intervening space being 
occupied hy- atmospheric air, until that is displaced hy the 
introduction of the mixed gases a result which s})eedily follows 
when the apparatus is put into action. This provision is 
necessary' in order to accommodate an increase in the volume 
of water which immediately obtains from the continuous ascent 
of gas bubbles as they' emerge from the orifices of the diagonal 
tube, and which w'ater would otherwise rise into the main 
upright tube charged with sponge ; the latter substance effec- 
tually prevents any moisture whatever, occasirmed by’ the 
breaking and splashing of the bulibles as they rise to the sur- 
face, from finding its w ay into the air passage of the stopcock, 
or insinuating itself, in consefjuen<‘e, among the granular silex 
of the safety tube. Now, supposing, for the sake of illustra- 
tion, that tlie ignited gas jet could from any eiicumstance 
recede and burn backwards through the silex tube, the spong<‘ 
medium (though not here designed for such pur]K>sc*; is arii- 
l>ly capable of extinguishing it ; or, allowing a second supposi- 
tion, that the sponge should fail in arresting the course of the 
fiery renegade, the only mischief he could possibly eifect 
woiild he tiic explosion ot an insignificant fjuantity oi gas, from 
three to four cubic inches in amount, by the force (jf wdiic h 
the conical valve in the central tube would be instantly rais(*d, 
and the final con.sequence a harndess report. 1 •presume it 
would be superfluous to enter on any argument in ortler to 
show’ that such explosion, even if it w ere possible in itself, 
could in any way extend to where the only source of real dan- 
ger resides, viz. in the gas holder or reservoir connected wdth 

* Many years since I placed at the disposal of the talented editor 
of the IVIeclianics’ Magazine,” J. C. lioherlson, Ksq., an essay on 
the combustion of the mixed gases, with the description of an ap- 
paratus for their secure deflagration, in which the safety’ medium is 
cx>nstituted solely hy sponge. I believe this essay aj>|>eared in Vol. 
VI 1. of the popular and valuable work to which 1 have referred. 
Years of subsequent experience have only served to strengthen the 
confidence I then expressed relative to my s|>onge safety tube, pro- 
vided the rules I have prescribed for its inanagefrient he implicitly 
followed; otherwise, through the sponge becoming <lryantl shrunken, 
<&c, &c., explosions may and will happeti, but the most incorrigibly 
careless operator might be defied to render inefficient the successive 
securities afforded by the silex safety blowpipe. 
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the blowpipe, as the flame w’ouUl have in the first place to dive 
through a column of water nearly a foot in height, and then, 
further suppositions are obviously out of the (tuestion. 

Ouring a very considerables port ion of my life, the oxyhydro- 
gen blo\>pipe, in its various forms, has been to me a source of 
intense interest, both in rellection and practice ; and few 
persons, it is probable, have ventured on a course of more 
lia/ardous experiments unattended by personal injuries or 
other serious eontingeiicies. These fortunate and, in latter 
years, entire exemptions from acculent, I certainly owe to the 
adoption of the silex medium, a substance }K)ssessing, in my 
estimation, the true characl<‘r requisite for such a purpose, that 
ol ahsolute imrnattihiUt y ^ whereby, if once brought into opera* 
lion with suitable eflecl, the ernjJoyment of the mixed gases 
is r('ndered an ageney of really a.Ntoni.^hing, if not unlimited, 
power in elieniical researches and many purposes of the arts. 
W ith the id(‘ntical instrument furuishing the descriptive por- 
tion of tills memoir, the reduetion of the several earths to 
theirrespt'etive bases, aiul the consiupient production of barium, 
calcium, ^e., has not unfro(juently been, as it were, the magical 
<ronv(*rsion wrought by a few seconds' application. 


XVdll, Description of a?} Electro-magnetic Engine. By 

Jamks V, Joi LK, FiSQ. In a letter to the Editor. 

llrooni Hill, near IManchester, 30th August, 1839. 

• 

Dear Sir, 

I hasten to forward to you the description of my new electro- 
magnetic engine. J am particularly desirous of communicat- 
ing any new arrangement, in order, if possible, to forestall 
the monopolizing designs of those who seem to regard this 
most interesting subject merely in the light of a pecuniary 
speculation. 

Fig. 3, Plate V, represents a perspective view of the engine, 
in what may be termed its “ quadratures.'* A, B, C, D, is a 
frame of wood made very firm, and strengthened by a board 
fixed at the back ; the top E may, by means of thumb screws, 
be. taken off at pleasure ; the inside measure of the frame is 
feet long, 14 feet high, and 1 foot broad. F, G, is the 
axle of cast steel, three quarters of an inch square, and turned 
to half an inch at the working parts. «, a, are holes by 
means of which the axle may witii expedition be let into the 
^ brass steps h. I I, H, are holders for the revolving electro- 
magnets ?/i, m : there is another holder between these, which 
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is oinitlod in the figure, but which contributes \ cuy materially 
to the stability of the apparatus. 7i^n, are the stationary 
elec'ro-magnets, finnly secured to the top and bottom by the 
brass clamps /»*, h, .v, v, are silver sj)riiigs w hich t'liter throu^^h 
the frame and press gently on the brass half discs of the. com- 
niutalor c. The commutator, figs. 3 and 4, consists ol' two 
halfdisc.sof brass, inlaid in hard wood; the silv(T s])riijgs 
being of the same size at the ends as the distance's F)et wc'cii the 
half discs; the electric current is instantaneously reversed. 

are copper wires^ soldered to the brass ludf discs, and 
connected with the revolving electro-magnets. .i\ ji\ are win'S 
let into the frame, and connected with the stationary electro- 
magnets. are wires to connect the coils of the two 

systems. 

Fig. 5 will more clearly represent the plan of niy ht>U]crs ; 
they are made of hard wood, and brass plates are screwed to 
the sides and faces f h, are brass screws, whic h work upon 
wedges, so that I can adjust th(‘ magnelsat ditft'rent distancfvs 
from tlie axle; a is a scrtjw which secures the holder to the 
ax It*. 

The iron of the revolving electro-magnets is thirt\-six 
inches long, three inches broad, aiul hail an inch thick ; that 
of the stationary electro-magnets is of the same br{‘adlh anti 
thickness, but their length is such that tlitur extremities wlu*n 
bent are 3b:J inches asunder; 3-sths^ of an in-, h is therefore 
the working distance. 

J shall provide myself with four of the straiglit electro-mag- 
nets, two of hard and .soft irt.»n, aiul two of hard artd soft rec- 
tangular iron wire : the hard iron and wire magmds are com- 
pleted and fixed on the engine. Fig. t> represents the 
position and exact size of the wires, where a, b, are planed 
iron rods to secure them with certainty. 

Kach electro-magnet is furnished with a strip of thick 
calico next to its iron, and w ith three separate layers of w ell 
covered copper wire, l-24tht of an inch in diameter, each 
106 yards long. I always take cure to ascertain that each 
coil is properly insulated ]>y experiment, and the method 
which I employ in w'fiiding the wire ensures rt*gularity4 

Mj" engine consists of only four electro-magnets, hut it will 
at once be seen that the principle admits of the use of any 
superior even number ; I do not however think that the mere 

♦ 1 -8th would be better. 

f I have reason to tliink that this is loo thin. 

J A heaA^y weight is fixed to the wire, and wound u])as the niaij- ^ 
net is covered. 
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incr<’asf‘ of nuinljor is altondrd by advanta^^o, unbiss the fric- 
tion of thc‘ axle is thereby diminished. 

As the form of this engine enables me with ease to place 
th<‘ eh'clro-inagnets in different positions, and as the seva^ral 
roils ar() insulated, and 1 am there])y enabled to use the elec- 
tri(‘ curnmt in quantity and intensity arrangements, this 
engine is wjdII adapted for experiment. It works beautifully, 
but as I liave not as yet carri<‘cl my ex{)erimcnts with it very 
far, I pix ier to postpone for the present any account of its 
duty. 

\ ()1. l\b page lt32, line 2 5. read *62 instead of (32. 

I remain. Dear Sir, 

^*ours most r<'spect fully, 

J A:\1ES r. JOULE. 


* 

XI R I port on ft Memoir, hy M. Masson, relative to 

the action cvereised hy chloride of zinc on alcohol* 

3<^or soiiH^ yi'ars past the question of the formation of ethers 
has been studied ])y chemists with so much care, and under 
so maiiy dillereiit aspe(;ts, tluit it might seem diilicult to find 
anything new in so simple a reaction as that which forms the 
subject of the pr«'sent memoir; yet nothing w*as less ex^jected 
than the results obtained by M. Masson which we are about 
to nnmtion. 

d'lie author dissolved chloride of v.inc in alcohol, and sub- 
jnitted tht* liquid to distillation, taking care to break the 
])rothicts, and keep exact account of their nature ; but he 
found that in proportion as the liquid boils he at first lost 
alc<diol, hut when hi.s point of ehullition, which was raised 
gradually, anived at IbO , or ratiuT 100 , it produced sul- 
phuiic etlier. 

1 bus cldoiidc of zinc acts on alcohol exactly like concen- 
tratcid sulplnirit^ acid; and what is very nmiarkahle, these 
twu) bodies ileterminc the production of sulphuric ether at 
pn'cisoly the same temperature. 

(kirrviiig the experiment further we (fiscover an oil, which, 
ill its cluiractor, exactly represents the oil knowm by the name 
of .V// CC/ oil of n ine. It is formed at about 100", i. e. nearly 
under tlie same circumslances as when we operate with sul- 
jihiiric acid aiul tdirohol. 

Wo observe, further, that the ether disengaged is alw^ajs 
accompanied by a certain quantity of water, and that it is 

* From the Comptes Uenclus, 24th December, 1838. I ranslaled 
by Mr. J. II. Ding. 
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also the same with the sweet oil. These phenomena are also 
remarked in the reaetkm of siilphurie acid on ah ohol. M. 
Masson is also assured that hydro-chloric ether is not pro- 
duced, which fa(‘t he but little e}^pected. 

Hence M. Masson has perfectly proved that chloride of 
zinc acts like sulphuric acid. There now' remains to considt'r 
a certain number of plionomena which the author has hitherto 
thought proper to neglect,, and which take a great part in 
the reciprocal action of the sulphuric acitl and alcohol. In 
fact, the analogy observed by M. M a>-son betwi'cn chloride of 
zinc and siilpliuric acid is so perfec t, that it is dithcult to 
believe that cliloride of zinc does not furnish some product 
corresponding to sulpho-vinic acitl. It is this that M. Masson 
has not sought to verify', and wliich we rt?commend to his 
attention. 

Hitherto we have admitted that the author had obtained 
sweet oil perfectly similar to that obtained by' the assistance 
of concentrated sulphurie acid. However, M. Masson has 
not contined himself to th.e estahlishnumt of this identity : he 
has considered the oil that he has obtained, amt is satisfied, 
by attentive distillations, that it contains two very dilVerent 
products. 

The first, the most volatile, is caihuret of hy drogen, th(» 
most hydrogenated liquid known: it eontaiiis iiKue hydrogen 
than olefiant gas, and is represented by ( ' " H ' ; it boils at 
about 30 or 10 “. 

The second, the less \olatile. contains, on the contrary. le.ss 
hydrogen than olefiant gas; and is represented hy C ' H', 
and boils only at about 0 . 

These result.s joined to tho.se l>y which M. Regnault ha.s 
demonstrated the absorption of oxygen gas by .sw<‘et oil of 
light wine, will perfectly explain why some chemists have 
obtained from its analysi.s more carbon than is contained in 
olefiant gas ; and other.s, on the contrary, have hit on the 
composition of olefiant gas itself. 

3 hcse facts wdiich appear to us well founded, would have 
led your ( ommissioiu r.s to regard M. Masson’s work as of a 
nature to settle tlie discussions relati^iie to the sweet oil of 
wine: but M. Marcdiand, a (German c}ierni.st, wdio has been 
much engaged with sulpho-viuates, has recently published some 
analyses of the oil of strong wane, as well as somi^ analyses of 
the oil of light wine, or some crystals w'hich it furnishes, 
H is refill ts agree perl’eetly wdth those of Serullas, and, con- 
sequently, dificr from tho.se obtained by M. Masson under the 
iiisp(;ctioii , and in tlie la]>oralory, (»f y(»nr reporter. 

(Considering that Pinoiig cliemists who engaged in this 
sulqect, some have opi'raled on th<; oil obtained by sulphuric 
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acid and alcohol; others on the oil of sul{>hO“Vinatos ; and 
that M. Masson has procured his hy alcohol and chloride of 
zinc, some might j)orhaps imagine that these sevenil oils dif- 
fer annmg themselves. * 

So much the more, since M. Masson has never been able 
to extract from his oil the crystals obtained by Uennell, 
Serullas, and Marchand, from theirs; and that, on the con- 
trary, he has extracted a very volatile j)roduct unknown to 
the cliemists who have precetled him. 

Jhit M. Marchand has undertaken to remove this last dif- 
f'rcmce ; for he distingui.shes among the products of the 
di.stillati(Ui of sulpho-vinateji, the existence of a very volatile 
product which he has not analy:4ed, but which appears to have 
the greatest relationship to that w-hich M. Masson lias dis- 
covered soiiH' time ago. 

Hence, it is evident that the history of the s\\eet oil of 
wine is not yet terminated ; but M. Alasson has done a great 
deal in clearing from it the existence of a very volatile car- 
hurate of hydrogen H’*. 

The vecMiirocal action of chloride of zinc and alcohol has 
been so well studied hy the author of the memoir which 
engages our attention ; it lias been on his part the object of 
experiment so w'orthy the attention of chemists; he has so 
well proved that it gives rise to sulphuric and not hydrochloric 
etlnn-, that we do not hesitate to request the insertion of his 
memoir in tlie ‘‘ Uecneil des sarants etran^ers.^^ 

The conclusions of this report have been adopted. 


XX. EmploymerU of Gelatine for Food."^ 

M. Arago mentions that during his last visit to Metz, he 
received a letter from M. Darcet inviting him to visit the 
hosjiital of St. Nicliolas, whore they used gelatine for food: 
and lie wished on his return to state to the Academy what 
he hatl observed. M .Arago subscribed at the desire of his pro- 
fessional friend, fearing, that during the examination of facts, 
he should be led astray by the iiiliuem^e of those prejudices 
which he had formerly entertained against the elementary 
regimen, the subject of so lively and prolonged a debate. 

The hospital of St. Nicholas at Metz, contains more than 
five huridrei^ persons, men, women, and children. The iiien 
and women are all very old. Each individual receive# twice 

^ fVoin the (buipies UenduSj 24tli December, 1838. Iranslatcd 
by JNlr. .1, It. Lang. 
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a clay, five clays in the week, a soup a quarter of a 

litre, (a little more than ^ill* a pint) of broth ^ whieh. ibr a 
thousand rations, is }uvpared with the gelatines produced Iroin 
twenty-live kilogram nies (ahoiit 5'^! pounds) of heme and ten 
(22 pounds) of meat. 

After the. soup in the niorning eaeli j)erson rec'eives a 
ration of dry or fresh vegeta]>les c-ook('d witli haeon. 

.After th(^ ('voning sou]), they receive the hac‘on whic:h was 
used for cooking the veg<‘tahles in the niorning, 

'I’he rations of frcjsh vegetables, .‘^ueh as potatoes, eahhages, 
carrots, and turnips weigh .‘>7 ' gramme^ ( 1 ’,o'/- )• ^'lie rations of 
cooked vi'getahles, sueli as haricots, peas, and hmtil^, 12’ 
grammes. 1 he rations of rii^^* and millet •> grainme.s. 

I'lie hones from whieh the gelatine is i‘xtracted come from 
the military ho.* pita L the college, and the school. All the 
opi ration.s relative to this e?ctraction an.' mad<* in a room, 
separated from that in wiiich the old nu'ii are, only by a 
woislen gate. 

Before tlie introduction of the gelatine tlie regimen of St. 
Nicindas was exactly as at present; only the soup was pre- 
pared with hog*s lard, salt, and spices. 

It must he well understood that the new rule was not ijj- 
trodueed for the sake of economy, the dc'sire of improving the 
soup of the paupers was the only motive of the adinmistralors. 
hlvery quarter of a litre of hog’.s lard broth comes to () 22 cen- 
time ; every <|iiarter of a litre of aninializt'd gelatiiu* hroih 
costs 1*25. centime. 

1 he preceding details sufllcienlly slmw^ that tiu' ohserva- 
ti()ns colh'ctej from the hospital, St. Nir/adas de .Metz, can- 
not decide irhet her pare g*dati/fe.* 'i^ nutritive, hut they may 
servo to appreciate the iuiluencii tins suhslance exercises ov<!r 
animal economy, when it is mixed with bread, vegetables, and 
a very light nieat broth. 

The animalized gelatine broth has been more than four 
years in use at the hjtspifal St. A icholas de JMetz. lii 
these four jears, I'rom the uncojimous testimony of the 
honourable directors pfthis establishment, the state of health 
of thci five hundred persons it contains has evidently improved. 

'^I he increase is found to he more than compensated by tiie 
decrease of cx|)ense for th(i infirmary. 

M. Arago has received this information from AT. Tialancet, 
counsellor to the royal court; from M. Prost, dintolor ol* the 
fortiheations of Metz, second commandant of the school of 
application, &c. ^c.; and from M. l<'recot. 

J'he declarations that M. Arago has colled ed, by visiting 
the difTorent halls of the ho.spiial, have completely confirmed 



On the employment of Gelatine for food, 2<)9 

the statement of the directors. With two or three exceptions 
in the section of old women, everyone is pleased with the 
new regimen, and all say it, is very superior to the old one, 
both as to taste and salubrity, and all wish it to be continued. 

The military hospital at Metz used lately for the employes 
a preparation of gelatine which is now done away with. But M. 
Arago is assured by Dr. Scoutteten, that particular circum- 
stances totally unconnected with the value of M. Darcet’s 
process, are the only reasons for its temporary suspension. 
I'he employes are very well satisfied with the use of animal* 
ized gelatine broth, and would be glad to see it re-established. 

M. Silvester wishes the communication of M. Arago to be 
inserted with detail in the Compte Rendu. 

M. Magendie, on the contrary, regrets it has been made in 
the public session. He thinks M. Arago ought to have con- 
fined himself to sending his conclusions to the gelatine com- 
mission. This commission pursues with zeal and perseverance 
the duty that has been assigned to it, and in a short time 
will present its report. We shall then appreciate all the 
efforts it has made to overcome the difficulties of the question, 
and to escape the uncertainty with which complex experi- 
ments, such as M. Arago speaks of, abound. M. Magendie 
is of opinion that the gelatine might be abolished in the 
hospital St. Nicholas de Metz without the old men and chil- 
dren to whom it is given perceiving it, and certainly without 
their feeling any harm from it, 

M. Arag (4 answers that he has not presented conclusions ^ 
but only facts. The experiment at Metz, considered, if not 
physiologically, at least in an economical point of view, ap- 
pears excellent even after the observations of M. Magendie. 
He doubts the commission having had the means of under- 
taking any thing of this sort so extensive, either as to dura- 
tion or with regard to the number and diversity of the persons 
submitted to the gelatine regimen. In reply to the reproach 
of having addressed the academy in preference to the com- 
mission, M. Arago says he did it for the satisfaction of M. 
Darcet, who for the last seven years has,been wanting to be 
relieved from the most uncomfortable position. The per- 
pectual secretary adds that he will never hesitate, within the 
limits of right, justice, and truth, to render his professional 
friends all the services which are in his powder. 

M, Magendie declares the experiments on the nuti'itive 
properties of gelatine to have been commenced only two, and 
not seven years, ago. i • i. a/t 

M. Dumas adds that facts analogous to those which 
Arago %as laid befoi*e the academy have not been disregarded 

VoL. IV.-~No. 21, October, 1839. Q 
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by the commission : that he, for example, has had an oppor- 
tunity of personally considering, on the spot, the results 
obtained at the hospital St, JSicholas de Metz. 


XXL J\''ote o?i the paralysis and nerralgie of the face. 

By M. Magendie.* 

The discussion which took place at the last session has 
reminded me of some medicinal facts, which, having a ten- 
dency to throw light upon the functions of the nerves of the 
face, I think worthy to be laid before the Academy. 

I have lately paid attention to two young persons aflected 
with hemiplegia of the face, a disease which at the .same time 
compromises the receiving of the food, mastication, speech, 
the action of whistling, &c.;but which, jahovc all, raising tlie 
expression of the figure, and rendering it completely immove- 
able, particularly when the pas.sions are the most animated, 
renders the countenance something monstrous. If this para- 
lysis were shown at the same time on both sides, the figure, 
that moving picture of our thoughts, w^ould assume hy its 
immoveableness a frightful aspect : it would he an inanimate 
mask on a living head. 

This state is fortunately very rare, and not even met with 
in the case of general paralysis, where every kind of motion 
of the body and limbs is stopped : hy the goodness of provi- 
dence there remain.s to the patient his phisiognoipy to e.v press 
his sufferings or desires. 

I have had the good fortune to cure those paralyses of the 
face by means of electricity applied to the nerves themselves, 
wdth the assistance of platina needles. In the course of tJiese 
applications 1 had the opj)ortunity of remarking that tlie 
nerve became perfectly incapable of exciting the contractions 
of the muscles, preserving however a sensibility which 
apparently differed nothing from the sensibility it possessed in 
its healthy condition, which supports the results of my last 
experiments ; proving that the sensibility of the facial nerve 
is only apparent, being no other than that of the threads of 
the nerves of the fifth pair which intermix with the threads of 
the facial nerve. 

There is nothing, in this sensibility, existing in a paralyzed 
TOOtiye nerve which ought to surprise us now, though for a 
long time I was much perplexed by it. 

* From the Comptes Hendus, June 17, 1839. Translated by 
Mr. J. H. I^ang. • 
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Ifc ought, theoretically, not only to exist in the trunk, hut 
in all the branches. It is this also which exists, and which I 
have several times meiitione4, in the two diseases I have just 
spoken of. 

M. Roux, mentioning a nevralgie case in which he cut all 
tlie facial branches in succession, and perceived the pain take 
refuge successively in the uncut branches, has turned my at- 
tention to these very mysterious relations which are seen 
among the branches of the same rierv’^e. 

! saw a very reinarkable instance of this last month. 

A middle aged woman came to me to be cured of a most 
intense nevralgie ^^hich for -five years had given her no relax- 
ation, and had entirely deprived her of sleep. 

'I'his nevralgie did not occupy every branch of the fifth pair 
at once, Init was sometimes in one, sometimes in the other, 
and always with e(jual violence ; the place varied but the pain 
was the same. * 

I'lie day .she came to me the disease w^as seated in the right 
lower maxillary ; I applied the electric current and the pain 
immediately passed to the tongue, leaving the maxillary 
nerve, I forced a needle in the right side of the tongue, and 
caused the current to pass over it ; the pain entered the 
under-orbitary. J also followed it there. It went at last to 
tlie frontal nerve, at which it was not difficult to arrive : I 
attacked it there in the same manner, and it disappeared ; 
fortunately not having taken, as a last resource, the nasal 
thread of the opthalinic, as in the case quoted by M. Roux ; 
but which, however, would not have entirely discouraged me, 
for, by the a.ssistance of a fine platina needle, I do not con- 
sider impossible to have got at it ; and, consequently^ to have 
directed an electric current to it. 

My patient, to her great satisfaction, w^as thus relieved from 
a disease which had been the torture of her existence. The 
disease has since made some attempts to return ; but weak 
and very tolerable ; above all, never preventing sleep : and a 
single application of the electricity causes it immediately to 
disappear. ^ 

For some days I have had an opportunity of seeing a 
Parisian lady, who has also been troubled for some time with 
a nevralgie ; but nearly always situated in the right lingual 
nerve. I applied the electricity, and the pain passed into the 
upper maxillary nerve ; from which I immediately removed 
it. It w ent no further, and thus saved me the trouble of pur- 
suing it. 

How are these transmissions made? Is it by the branches 
themsedves ? or is it by those numerous anastomoses ; little 

Q2 
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known to any but professional anatomists i I am not at pre- 
sent able to obtain any well founded opinion as to this curious 
question. 


XXIT. Observations on the means to be adopted for ascer- 
taining the temperature of t egetables. /?// M. Becqi:i:uel.* 

As soon as I had applied thermo-electric effects to deter- 
mine the temperature of the interior parts of men and animals, 
I tried the same sort of experiment to ascertain that of vege- 
tables. The general process consists in using two perfectly 
similar needles, each composed of one steel and one copper 
needle soldered together at one end, while the free ends are thus 
connected ; the steel ends w ith a wire of the same metal, and 
the copper with the two extremities of the wire which forms 
the circuit of a multiplier. When the temperature is the 
same at the tw’^o soldered parts, the magnetized needle re- 
mains in equilibrio ; but if there be only the difference of a 
tenth of a degree, it is indicated by the deviation of the needle. 
Hence, by keeping one of the soldered parts at a constant 
and known temperature, we may, by means of a tabh' which 
gives the relations between the deviation of the needle and 
the difference of temperature, ascertain that of the other 
soldered part which is variable. 

In men and animals, wdiose interior temperature is much 
above that of the surrounding air, we place one of the soldered 
parts in an apparatus having a constant temperature of 38 
degrees, and the other by niecins of puiicturation is admitted 
to the part we wish to explore. 

When I wished to apply this process to vegetables, I im- 
mediately saw' the impossibility of using an apparatus of a 
constant temperature, on account of the slight dilference 
existing between the temperature of the air and that of vege- 
tables : the apparatus used for animals requiring a difference 
of a certain number of degrees to be employed to advantage. 

Being anxious, however, to resolve the question with regard 
to vegetables, as I had done in conjunction with M. Breschet 
that respecting animals, I requested M. de Mirhel, two years 
ago, to join me in making experiments at the “ Jardin des 
Iqants.’ He accepted my proposition, and immediately 
placed at my disposal those shrubs which were likely to be 

♦ From the Comptes Rendus^ June 17, 1839. Translated by 
Mr. J. H. Lang. 
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most useful to us. I soon perceived the difficulties 1 had to 
overcome in attaining the desired end. We commenced by 
piercing one of the shrubs with a very delicate gimlet, so as 
to introduce one of the solde**s. The needle introduced was 
soon changed, which produced an electro-chemical current. 
I'o remedy this evil the needles were covered with several 
coals of gum-lac varnish ; the other solder remained in the air, 
when‘ the temperature was, to all appearances, constant ; but 
the radiation not being the same* at the two extremities, the 
one being covered with the ligneous tissue, and the other in 
the open air, th(?re resulted very complicated eflfects which 
required to be resolved, as, otherwise, we could have no 
means of ascertaining the temperature of the vegetables. M. 
de Mirbel proposed that I should operate in the middle of 
the garden, placing the apparatus in one of the gardeners* 
cabins. I acce])ted his offer, and on entering perceived a 
tree in full vegetation (an acacia I believe), and at the side a 
branch of the same tree. It immediately struck me, that to 
avoid the difference of radiation which was an obstacle to the 
success of our experiments, we might put one of the solders 
in the living and the other in the dead branch of the same 
tree, both having apparently the same diameter. This ex- 
periment which was indicated by theory succeeded perfectly ; 
and we soon p(‘rooived a. difference between the temperature 
of the living and that of the dead tree. The gardener was 
commissioned to note the deviations every ^two hours ; but I 
perceived the next day that notwithstanding his intelligence 
he had made so many errors in the observations, that I was 
obliged to give it up ; intending to return to it when I had 
finished some labours of another kind which I had already 
begun. 

The next year M. Dutrochet asked me for some instructions 
on the means to be employed for determining the temperature 
of vegetables : I told him all I had done on this subject, 
requesting him to make use of my process which might con- 
duct him to the solution of the question. It is with the 
greatest pleasure I see that he has made use of them, and the 
observations already collected will assist the process of vege- 
table physiology. 1 do not doubt but the memoir he is about 
to publish will contain only the details I have just communi- 
cated to the Academy ; and for which there was no room in 
the short paper read during the last session. 
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M. Peltier, and M. Parrot, o?i Elect rivAt kj . 

XXIII. Electricity, Extract of a letter from 

in reply to an objection o/’Al. Parkot.* 

The objection of M. l^arrot having been only indicated in 
the Compte Reiida, we shall only announce the reply ol‘ M. 
Peltier. The letter of this latter philosopher also contains 
some considerations, independent &, this djs( ussion, and tli<*se 
we shall here mention. 

I have shown in former communications, says M. Peltier, 
that the quantity oi dyiViXmic electricity is proportional to the 
quantity of molecules whose equilibrium has been dislurbeil. 
I add that the duration of the eiectri^t phenomena is equal to 
that of the passage from the old U) the new equilil^rium, and 
that there is a connexion and dependence between these two 
states. 

I have also stated, that the currents of induction increase 
as the magnetic intensity of the bars ; I have sinta? Ibuiui 
that it was the same with the caloric, when placed in the 
shade of the neutralization in return for the quantities we wish 
to measure. It now' remains to discover whether the aug- 
mentation of the disturbing force, that is to say, whether a 
more intense magnetism or a greater elevation of tempt'rature, 
would really give a more copious current ; or wliether, on 
the contrary, the phenomenon of quantity was not the j)ro- 
duct of the electric intenslfipiYom this power overcoming resis- 
tances, which otherwise would oblige more tdci tricity to he 
neutralized by the direct circuit. To arrive at the com]»lete.>ohi- 
tion of this question, we must have measuring arcs, of a ])er{ecL 
conductihility, which it is nut possible for us to uht?iin ; but by 
employing very short circuits, three or four decinn*ters at most, 
W'e can show that the first di gri'e ol heat gives a greater 
deviation than the second, the second than the third, and 
so on ; that the difference in favour of the first degree is as 
much greater as the resistance of the circuit is less; and, 
consequently, if the conductihility he perfect, the first degree 
wdll give the maximum curnuit in the thermo-electric (.ircuil. 
This proves also that the intensity of the disturbing force 
does not increase the quantity of dynamic electricity, but 
gives to the quantity* produced more of that power which we 
call intensity . The result of this experiment is, that the 
causes which do not change the nature of the bodies, as heat 
and induction, act like piles, in which the intensity increases 
as tlie number of pairs, while the quantity remains the same. 

* From the Comptes U(>iulus, June 17, 1837. Translated by 
Mr. J. II, Lang. 
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I'his similitude of effect gives the idea, that there is between 
the atoms thus disturheid, as between the pairs of a pile, a 
continuation of the neutralization of the two electric states; 
and which leave free only th€;two extreme states, positive on 
the one sitlc, and negative on the other, which are neutralized 
over tb(‘ interpot^ed conductor. 

d his analogy does not exist when the force of preturbation 
changes the nature of the Mibstances, as, for example, chemical 
action. The atom which combines immediately, ceases to 
form part of the body ; there is no longer solidity betw'eeri 
them ; each inolec ule produces its electric phenomenon insu- 
lated and complete, which has no influence over the pheno- 
menon produced by the neighbouring molecule ; thus the 
intensity remains the same w ith a ‘feeble or strong reaction, 
the (/uantitf/ varies onl}' because there is a greater transfor- 
mation in a given time. 

It is a very remarkable particularity, that there is no corres- 
ponding ratio between the temperature anti the current. We 
have just said that a double tem{)erature gives the dynamic 
electricity a double lnte?isitp of power ; but w^hen a current 
traverses a metallic wire, and it is made to increase as two to 
one of its powxTS, the temperature of the wire increases as 
throe to one of its powers. 


XXiV. Let ter from M. Bregnot, inspector of buildings 
to the Hotel des bivalides^^ to M. Arago, on the thun- 
der clap trhich struck the dome, June Sth, l8o9.* 

I have the honour to enclose you some particulars, corrected 
from those very inexact ones, sent to the Academic de 
Sciences, by M. Leymeric, of the effects of the storm, of 
Saturday, June 8, on the Koyal Hotel des Invalides.” 

It is true the thunderbolt fell on the dome des Invalides, 
and that in consequence of the fracture of one of the metallic 
chains serving as a conductor, it was precipitated into a small 
adjoining court : l)ut here stops the correctness of the details 
forw arded by M. Leynierie. 

The chain was perfectly whole and very solid, six da 3 S 
before the event. It was visited on the* 2d of June, by the 
officers of the buildings ; and the fracture being about the 
height of the hand, could not have missed being seen. 

I am certain that it was broken by the thunderbolt itself, 
both from the attentive examination made on the 2d of June, 
and from the observation made immediately after the storm. 
We discovered that it w^as not a simple solution of continuity^ 

* From the Coinptes Rendus, June 17, 1839. Translated by 
IVfr. J. TI. Lang. 



216 M. Bregnot, on the effects of a Thunder clap, 

which would have been the result of the oxidation of the 
metal, but that a length of at least thirty centimeters (about 

inches) had been broken and dispersed into an infinite 
number of pieces of equal lengths, not exceeding forty milli- 
meters (li inch). 

This chain is composed of about twenty iron wires twisted 
together. At the parts in which it was broken it passes through 
an iron ring or collar, fixed in the wall ; and, without doubt, to 
diminish the effort of its weight, it was twisted twice round 
this collar. This arrangement which I think bad, added to 
the angular direction the chain takes at this place, appears to 
me to be the cause of the fracture. However, these things 
have been the same from the establishment of the lightning 
conductors ; and nothing of the kind has ever happene(l 
before. 

The following are the other effects of the electric discharge : — 

1. About sixty nails, fixing the gilt lead about the lantern 
of the dome, on a circumference of about twenty meters,* and 
at least fifty meters above the spot where the chain was 
broken, were violently torn out and dis[7ersed in all directiems. 

2. The lead was raised bj' the displacement of these nails, 
and formed projections from thirty to forty millimeters. f 

3. The lead surrounding the base of one of the columns of 
the lantern was so torn oil' that we could not find the least 
vestage of it ; yet there was no sign of fusion or vitrification. 

4. After the rupture of the conducting chain, the tbuntler- 
bolt struck a small building in which are the bath rooms ; it 
broke into four pieces, a stone, about l'",25 high, 0.30 wide, 
and weighing 77 kilogrammes (lOOlbs.), which it hurled 4 
meters from the w^all against w^hich it was leaning. 

It is remarkable that this stone was not attached to the wall 
by a metallic connexion, but it hid the orifice of a leaden pipe, 
used for discharging the w'ater from the reservoir of the baths. 

5. On the right, as you face this stone, is a door leading 
into the bath rooms. This door w'as open at the time the 
thunderbolt fell; and although the place contained twenty 
copper bath tubs, cocks, pipf-*s, and pump apparatus, the 
lightning did not enter it. The bath keeper was standing at 
this door and felt nothing hut a very natural fright, as he 
was not 50 centimeters from the stone which was struck. 

6. On the right (looking at the door), is a window defended 
by a square iron grating. The four great squares of this 
window were broken in pieces ; the largest of which was 
scarcely two centimeters wide. 

♦ Each metre is upwards of 39 inches. 

+ Each millimeter is upwards of *0397 of an inch. 
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7. Several other squares were broken ; but I think this ought 
to be attributed more to the shock than any regular action. 

8. Filially, on the roof of this building, above the entrance 
door of the bath rboni, several of the slates were pierced with 
holes as if there had been a discharge of grape shot. 

"I'hese are the details of the effects produced by this storm. 
My relation, though rather long, if it have no other merits, has 
that of being exact and conscientious. The assertion of a 
solution in the continuity of the conductor previous to the 
storm, and the testimony brought to support it, are not 
worthy of belief. 

We shall return to the thunderbolt of the Invalides, and 
the consequences likely to’ flow from it, as soon as we have 
received different documents of which we are in expectation. 

XXV. Account of a Tornado, trhidt, towards the end of 
August , 1k3S, passed orer the city of Providence ^ in the 
state of Rhode. Island, arid afterwards orer a part of the 
Ullage of Somerset, Also an Extract of a 'Letter on the 
same subject from. Zachariah Allen, Esq., of the city of 
Proi'idence.^ 

Communicated by Robert Hare, M. D., Professor of Chemistry in 
the University of Pennsylvania. Head October 28, 1838, 

I propose to lay b<ffore the Society, for a place in their 
Transactions, an account of a tornado which occurred in the 
state of Rhode Island, towards the end of August last. 

This phenomenon was first observed near Providence, over 
the south vfestem suburbs which it passed in a course generally 
from west by north, to south by east. Only a few days sub- 
sequently 1 visited some of the most remarkable scenes of its 
ravages. 

The characteristics of this tornado, from all that I could 
see or liear, are qiiite similar to those of the tornado which 
occurred at New Brunswick, New Jersey, in June, 1835, and 
to which I referred in my paper upon the causes of tornadoes 
and water-spouts, published in the sixth volume of the Society’s 
Transactions.f 

This recent tornado was advantageouSly seen by J. L. Til- 
linghast, Esq,, from a window of his mansion, which is so 
situated, on the brow of a hill on the eastern side of the city 
of Providence, as to afford an unobstructed view of the coun- 
try opposite. Mr. Tillinghast alleges that his attention was 

* From the Transactions of the American Pliilosophical Society 
at Philadelphia, \r i tt 

+ Tlie New Brunswick Tornado is described at p. 1 93, v ol. 11. 
of these Annals. 
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at first attracted by seeing to the westward a huge inverted 
cone, of extremely dark vapour, which extended from the 
clouds to the earth. In the coidortions and spiral movements 
of its lower extremity, this cone w'as conceived to resemble 
the proboscis of an enormous elephant, moving about in search 
of food. Sometimes it was elongated so as to reach the 
ground; at others it skipped over the intervening space with- 
out touching it; but at each contact with the terrestrial sur- 
face, or bodies resting therc’on, a cloud of dust, intermingled 
w'ith their fragments, w'as seen to rise within the vortex. To 
those who w'ere sufficiently near to the meteor, a fearful ex- 
planation of these appearances was simultaneously evident. 
Ponds were partially exhausted. ' Trees uprooted or deprived 
of their leaves or branches, blouses w'ere unroofed, or uplifted 
and then dashed to pieces. Farms were robbed of their 
grain, potatoes, fruit-trees, or poultry: nor were human beings 
secure from being carried aloft, and more or less injured by 
subsefiuent descent. It was alleged that at Somerset two 
women were' carried from a waggon over a wall, into an 
adjoining field. Within the same village a. cellar doorframe, 
with its doors liolted, was lifted, and then deposited on one 
side of its previous position; although situated to windward 
of the mansion to which it belonged, lliis result was the 
m<»re striking, because, in consetpienco of I heir presenting an 
inclined plane to the blast, the doors and their frames would 
have been pressed more firmly upon their foundation by an 
ordinary wind. In consequence of the same dilatation of the 
air w ithin the house, w hich lifted the cellar door, Uie weather- 
boarding on the leew-ard side was burst open, while that to 
the windw^ard was undisturbed. 

About four o’clock on the afternoon during which this 
tornado passed near Ib'ovidcnce, there was beard at the liirrn 
at which I resided, tw’enty-five miles south of Providence and 
about fifteen miles from Somerset, the loudest thunder w hicli I 
ever heard. It made the house in which I w'as tremble sensibly. 

1 have received from an estimable friend, Mr. Allen, a 
most interesting account of this tornado, which passed over 
the river, and there produced the appearance of a water-spout, 
while he was sufficiently near for accurate observ^ation. In 
one respect his narrative tends to justify my opinion, that the 
exciting cause of tornadoes is electrical attraction. In two 
instances in which flashes of lightning proceeded from the 
water, Mr. Allen remarked that the effervescence jiroduced 
by the tornado in the water very perceptibly subsided.* 

* See Essay on the Cause of Tornadoes or Water-spouts in sixth 
vol. American Philosophical Transactions, or in Sillimaifs Journal, 
voi. 32, for 1837, and at p. 19.5, Vol. II. of these Annals, 
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RjLtract from a Tetter ur'nten hy Z<icharlah Allen^ Esq,^ 
of Providence. 

“ It was aliout three o’clock, M., cluriug a violent shower, 
that I ol)ser\ ed a peculiarly black cloud to form in the midst 
of light, fl(M‘cy clouds, and to assume a portentous appearance 
in the heavens, having a long, dark, tapering cone of vapour 
extending from it to the surface of the earth. The form of 
this black cloud, and of the cone c/f vapour depending from it 
so ncfirly resembled the engraved pictures of ‘ water-spouts’ 
above the ocean, which 1 had fretjuently seen, that 1 should 
have come speedily to the conclusion that one of these ‘water- 
spouts’ was ap})ronchiiig, had 1 not heen aware that this 
phenomenon occupied a space in the heavens directly above a 
dry plain ol land. VV hilst attentively watching the progress 
ot the cloud, with its portentous dark cone trailing its point 
in contact with the surface of the earth, I noticed numerous 
black .s])ecks, resembling flocks of blackbirds on the wing, 
diverging from the under surface of the clouds, at a great 
elevation in the air, and falling to the ground. Among these 
were some objects of larger size, which 1 could discern to be 
fragments of hoards, sailing off obliquely in their descent* 
'riiis alarming indication left no room for doubt that a violent 
tornado was fast a})proaching, and that these distant, dark 
s[)ecks were fragments of shingles and boards uplifted high 
in the air, and left to fall, from the outer edge c>f the black 
conical cloud. This fearful appearance was repeatedly ex* 
hihited, as ^ten as the tornado passed over buildings. 

“ The whirlwind soon swept towards an extensive range of 
buildings, within a few yards of me, the roof of which appeared 
to open at the top, and to ]>e uplifted for a moment. The 
whole fabric then sunk into a confused mass of moving rub- 
bish, and ])ecame indistinctly visible amid the cloud that 
overspread it, as w ith a mantle of mist. 

“ I’he destructive force of the tornado now became not 
only apparent to the eye, but also fearfully terrific, from the 
deafening crash of breaking hoards and timbers, startling the 
amazed spectator in alarm for his perso»al safety, amid the 
roar of the whirhvind, and the shattered fragments flying like 
deadly missiles near him. At one instant, wdien the point of 
the dark cone of cloud passed over the prostrate wreck of 
the building, the fragments seemed to be upheaved, as if by 
the explosion of gunpowder, and I actually became intensely 
excited with the fear that the moving mass might direct its 
march toward the open area of the yard, to which I had 
resorted, after abandoning a building in which I had pieviously 
found shelter. 
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Fortunately the course of the tornado was not over the 
building used as a depot by the Stonington Railroad Company 
in Providence, where there was a numerous assemblage of 
passengers awaiting the departure of the cars ; otherw ise 
several lives might have been lost. 

“ The most interesting appearance was exhibited when the 
tornado left the shore, and struck the surface of the adjacent 
river. Being within a few yards of this spot, I had an oppor- 
tunity of accurately noting the effects produced on the surface 
of the water. 

‘‘ The circle formed by the tornado on the foaming water 
was about three hundred feet in diameter. Within this cir- 
cle the water appeared to be m' commotion, like that in a 
huge boiling cauldron ; and misty vapours, resembling steam, 
rapidly arose from the surface, and entering the whirling 
vortex, at times veiled from sight the centre of the circle, and 
the lower extremity of the overhanging cone of dark vapour. 
Amid all the agitation of the w^ater and the air about it, this 
cone cohtinuea unbroken, although it swerved and swung 
around, whth a movement resembling that of the trunk of an 
elephant whilst that animal is in the act of depressing it to 
the ground to pick up some minute object. In truth, the 
tapering form, as well as the vibrating movements of the 
extremity of this cone of vapour, bore a striking resemblance 
to those of the trunk of that great animal. 

“ Whilst passing off over the water, a distant view of the 
cloud might have induced the spectator to compare its form 
to that of a huge umbrella suspended in the heavttis, with the 
column of vapour representing the handle, descending and 
dipping into the foam of the billows. I'he w aves heaved and 
swelled, whenever the point of this cone pas.sed over them, 
apparently as if some magical spell were acting upon them 
by the effect of enchantment. Twice 1 noticed a gleam of 
lightning, or (^electric fluid, to dart through the column of 
vapour, which served as a conductor for it to ascend from 
the tcater to the cloud. After the flash the foam of the 
water seemed immediately to diminish for a moment, as if 
the discharge of the electric fluid had served to calm the 
excitement on its agitated surface. 

The progress of th© tornado was nearly in a straight line, 
following the direction of the wind, with a velocity of perhaps 
eight or ten miles per hour. 

Near as 1 was to the exterior edge of the circle of the 
tornado, I felt no extraordinary gust of wind ; but noticed 
that the breeze continued to blow uninterruptedly from the 
same quarter from which it prevailed before the tornado 
occurred. 
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‘‘ I also particularly observed that there was no perceptible 
increase of temperature of the air adjacent to the edge of the 
whirlwind, which might have^ caused an ascending current by 
a rarefaction of a portion of the atmosphere. After passing 
over the sheet of water, and gaining the shore, I observed the 
shingles and fragments of a barn to be elevated and dispersed 
high in the air ; and the dark cloud continued to maintain 
the same appearance which it at first presented, until it passed 
away beyond the scope of a distinct vision of its misty out- 
lines. 

‘‘ The above imperfect sketch can convey to your mind 
only a feeble impression of this exciting scene, which in 
passing before me excited just enough of terror to impart to 
the spectacle the most awful sense of the power, sublimity, 
and grandeur of the Almighty, as described in the glowing 
words of the Psalmist. ^He bowed the heavens also, and 
came down ; and darkness was under his feet ; and he did fly 
upon the wings of the w ind. He made darkness his secret 
place ; his pavilion round about him were dark waters and 
thick clouds of the skies.’ ” 


XXVI. On t^arious Electrical Apparatus ^ By Charles 

Barker, Esq. In a letter to the Editor, 

Sir, 

Should the following remarks be worth a place in your next 
number, ydh wdll perhaps oblige me so far as to insert them, 
first : — 


With regard to the Leyden Jar, 

I have for some time past adopted a plan which answers 
well. I pass the lube, communicating with the inside coating, 
through a glass tube, extending above and below the cover 
about six inches. The cover is thus insulated from the inside 
coating; whilst, at (he same time, I have the advantage of 
the stability which it givos the wire, agid also the exclusion 
of all dust. My battery will J^us retain its charge for days : 
thanks, how'ever, in some measure, to Dr. Arnott. Fig 7, 
Plate V, will show’ the plan. 

The Universal Discharger. 

I have made a little improvement in this instrument. As at 
present made you cannot introduce anything between its arms 
wider than the distance will admit of; but 1 cause that part 
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of the stand, which supports the insulated discharging arms, 
to slide out as shown in fig 8. It is very convenient in many 
respects. 

The rerolring Spotted Fly. 

In Number 2 of the Annals you describe “a brilliant expe- 
riment for the lecture table,” and wdiich I find the opticians 
make for the moderate sum of five pounds. With the permis- 
sion of my friend, Mr. Nicholson, of Fareham, I can describe a- 
better one, and which may be made for less than as many 
pence, and which will work, I can confidently say, much bet- 
ter. Mr. Nicholson invented it six or seven years ago : and 
I then mentioned it to the leading opticians in town : aniongst 
whom I may mention Messrs Jones, of Holborn, who made 
it to my order for seven shillings. I am thus particular 
because I had just seen a book calletl the Experiinetitn) 
Philosopher.'*^ in which the experiment is mentioned and 
claimed by the author, Mr. Mullinger Higgins, as his. It is 
true that at page ♦iFJ of his wt)rk, he says, that it has been 
described to him as my invention, but this comes after the 
paragraph suggesting it as his own. If the experiment is 
really original with him, it is certainly curious to remark the 
singular similarity between them. When my friend. Mr. 
Nicholson, first made the experiment nearly, or quite, seven 
years ago, he placed it horizontally ; but when made vertically, 
it is seen much better on the lecture table, as shown in fig. 
9 ; which wdll explain the way of showing it. I may just 
observe that it works much better if placed on ah insulated 
stand and thus driven by sparks instead of being directly 
connected with the conductor. The same plan of the insu- 
lated stand, answers also much better for e.xhibiting the 
common electrical fly ; which if thus placed, and the points 
greased j as meurioned, I think, by Singer, forms a very pretty 
experiment, as you thu.s get a dotted circle of light ; and 
by varying tiie length of tlie sparks, you may diversify the 
experiment very well. I can assure you it is well worth try- 
ing. The instrument is represented by fig. 9, 

P evolving Mpiral Tube. 

iMg. 10 represents my improved plan of the revolving spiral 
tube. It is made of a glass tube blown nice and round at one 
end, and open at the other; ten inches long, and three- 
quarters diameter. A ball or a piece of smooth tinfoil is 
fixed at the upper closed end, and the usual spots of tinfoil 
carried in a spiral form to the lower open end. A wooden 
ring is cemented on the outside of the lower end of the tube 
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and a strip of foil pasted round it. From this ring, and 
touching the tinfoil, four wires project outwards, having their 
points bent at right angles in the usual way. I'he tube is 
then set on an upright wire which passes upwards into the 
tube to its top, and this wire is then set on an insulated stand. 
It can thus rcn^^lve with great ease ; the expense is a mere 
trifle ; and it answers well. 

7Vw Spotted Jar. 

In the Annals, for June, ls.'58, a correspondent asks how is 
it when a jar is coated in the usual way on the inside, and 
spotted on the outside, you do not see the sparks on its out- 
side when charging V' I have tried the experiment and can 
only say that, as I had anticipated, I did see the sparks pass- 
ing as usual. 

I'he FalTnig Star. 

In the Annals, for April, 1837, a correspondent requests 
information as to this experiment. The principal requisites 
are to have the jar intenselif charged, and the tube exhausted 
to a certain extent. My tube is six feet long, and four inches 
diameter, and I use a jar having five square feet of coating. 
A frienil w'orks the air pump, whilst I occasionally try to pass 
the charge down, when at a certain degree of exhaustion it 
does so, in a most brilliant line of white light. In order to 
avoid the injury of the sharpe edged cylindrical caps, which 
throw ofl'the electric fluid, in this and similar electric expe- 
riments, I Jiave all my apparatus fitted with wooden rings, 
whicli cover such edges. 

On the identity between Electricity and the Aurora. 

When electricity is j>assed down a perfectly exhausted tube 
it presents the aj)pearance, and is a close imitation, of the 
aurora ; and is, I believe, supposed to be one and the same 
thiftg. As the aurora is only electricity on a larger scale, 
passing through an attenuated atmosphere, they should pro- 
duce similar effects. Now, the aurora deflects the magnetic 
needle ; and the passage of electricity down a vacuum should 
do the same. I take a glasstube three feet long, and two inches 
diameter, mounted w ith caps ^d a valve, as usual, so that it 
may be exhausted. Hound the centre of this tube, and ten 
inches from either end, I wind one hundred and eighty feet of 
covered copper w ire ; the two final extremities of which are 
connected with a galvanometer: see fig, 11. The tube is 
insulated, and has one end connected with the outer coding 
of a battery, of fifty square feet; and the other 
insulated discharger, by means of a long w'ct thread. e 
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battery being charged and the tube exhausted, I connect one 
end, by means of the wet thread, with the battery, for the 
space of five seconds, then remove for the same time, then 
again apply it, and so on in the manner mentioned by Dr, 
Faraday, in his Researches. The needle is soon deflected 
nearly SO"*, I believe this is new. 

Now, allow me to make a few remarks on the common 
electric machine. It is generally admitted that the plate is 
more powerful than the cylinder ; but as the plate is generally 
inverted you cannot obtain the negative electricity, so that 
in this respect the cylinder is preferable. When, however, 
the plate is inverted on the plan of Mr. Harris, of Plymouth, 
you can readily obtain both positive and negative electricity. 
It is both powerful in action and elegant in appearance ; and 
yet we see works on the subject constantly appearing, in which 
the writers say the best machine, &c. for the experimentalist, is 
the cylinder. My electrical machine, constructed by Watkins 
and Hill, is a double three feet plate on Harris’s plan, and 
I can safely say that * its effects are most powerful, far more 
than any I ever yet saw. One turn will give from fifteen to 
eighteen sparks one inch long, passing between balls one 
inch and a quarter diameter. It has four pair of rubbers ; 
and I will venture to say, that no one will readily take two 
sparks from the conductor. 

Can you inform me how to coat the inside of large carboys, 
so as to make them Leyden jars?* 

Your obliged, 

CHARLES Barker. 

Gosport, July, 8, 1819. 


* The method which I have employed to line narrow necked 
bottles with metal is similar to that of silvering the inside of glass 
globes for mirrors. NIelt equal parts of lead and tin, and v^ilst 
fused add quicksilver enough to keep the whole fluid whilst warm ; 
and in this condition pour it into the bottle or carboy, turning the 
latter round and round in various ways till the whole of the inside 
be covered with the amalgam. 

A little bismuth added to the other metals keeps the whole fluid 
at a low temperature, which is an advantage. This is the best 
method with which I am acquainted. The bottles may be lined up 
to the orifice of the neck. Metallic filings never do well for lining 
an electrical jar. I think that I first saw this plan practised by Mr. 
I^rsh. Edit. 
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The Daguerre St^cret. 

XXVI [. Fi/fe Arts. — 7yte Daguerre Secret. 

At the wet'kly siltiiii^ oi‘ tiie Academy of Sciences^ on Mon- 
day, Aug. Id, the process ofM. Daguerre, for tlm Ibrinat ion of 
})ho:ogetii(‘ <lra\\ings, was, as Iiad ht-e/i pi\n iously announced, 
coji^niunii (it (‘(I to llio puhlic. I'Voin an early hour all the 
Meats allot t ed to tliepahlie \v('re oecupit'd ; and upwards of 
‘J()( ) persons, di:'apj»ointrd <d‘ gaining adinissiun, were stationed 
in a crowd iii a (ourt of tin' IiisUiute. and {’ormed a kind of 
fe(‘ienlitie j lvci y i)(>dy was anxious to hear ^//c secret, 

every l)()c]\ to catch the : all were desirous of learning 
whether their own scieutiiie coiijec lures would he conlinned 
or not . 

.\t tlnei' o’clock, M. Arago coninienced his explanation. 
V’e ?'ha!l not att<‘in})t to follow the gn-at savaut through all 
tlie details of his long s(at(Mn<‘nt , a largt* proportion of winch 
related to the history of the discove ry, — a subject already 
pretty well known to the puhlic: aud we shall only mention 
as miu'li of liiat part of it as ht'Iongs tpO Me>srs, Niepce and 
Da giurre. in a similar manner, our account of the process 
itself will he brii'f: Ijoth hecause M. Arago w’as obliged to 
give only a rc'sv/w/ of it, and Ix'causf' it is announced that, in 
a few da\s’ time the documents c^anmunicated by M. 
Daginurt', nmh r seal to th(‘ Committee of the Deputies, on 
his grant, will ho puhli>hed, and the inventor himself will 
gi\ e a s('rie,s of pnidie repre. entatioiis of the actual perform- 
anc(' of liis imu Jiod. 

JNJ. Aragf). after alluding to tlic history of the camera 
ohscura, originally discovered hj IWta, a Neapolitan chemist, 
remindtHl the Academy that, as early as 1.00(5, the influence 
of light on wluil tin) alclieniists termed lune or argent corn6 
(chlorure ol sii\ er ), had been observed, and was mentioned 
in the w ork of i'kahieius. A Fremdimaii, named (fharles, at 
the eoiuniencement of (lie pre.sent century, had made use of a 
sensitive papc'r lor the tracing of outlines, by the action of 
light, hut had died without Jea\ing any account of his method. 
After this came, tiie memoir of \V e<lgcwood, of ls'02, &c. ; a 
part of the history of the di.scovery too \v ell knowm to need 
repetition. d'he late M. Niepce, M. Arago proceeded to 
.state, was living near Ch)rdoiis-sur-8a6ne, occupieil in scien- 
tific pursuits, and ajipeareKl to have commenced his photogra- 
phic experiments in 1814. His first connexion with M. 
Daguerre commenced in 1820, when, through information 
received from an optician at Paris, he learned that this gentle- 
man was engaged in an independent series of photogenic 
researches, and especially in trying to fix the images of the 
VoL. IV. — No. 21, October^ 18d0. R 
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camera obscura. They associat{’d their labours in 18-i9, after 
M. Niepce had visited London in 182vS, and had ju'esentod 
his memoir on his photogenic* discoveries to the Royal Society. 
It is proved ihnikn' ihe photo grhpJuc coppuig of engravings, 
and for the formation of plates for engravers, in an advanced 
state of preparatory sketching of the subject, this gentleman 
was^ in 1820, possessed of the secret of making shades corrc^s- 
pond to shades, light parts to lights, denii-tints to demi-tiiits, 
&c.; and that he also knew how to make his drawings so pro- 
duced insensible to the ulterior action of light, d'he act of 
partnership, drawn up between IVl. Diepce and M. Daguerre, 
and which afterwards stood good between his son and the 
latter gentleman, stales that some entirely new methods had 
been discovered by M. Daguerre, and that they had the ad- 
vantage of being able to reproduce images from sixty to eighty 
times more rapidly than by the processes previously ad(»pted. 

It appears that Al. Niepce, in his own photographic 
researches, had first made use of a sheet of siU or coven ed with 
the purest bitumen (^called, in Franco, Jh'tume tie Judec), 
which had been previously dissolved in oil of lavender. He 
used to heat this sheet of silver till the oil was completely 
evaporated, and only Idnd of whitish powder remaiiuled ad- 
hering to the surface. He then placed the sheets so prepared 
in the focus of the camera obscura, and obtained the image of 
the object ; but tVie trace was hardly visible. To obviate this 
imperfection, M. Niepce next thought of plunging the sh(*et, 
when removed from the camera obscura, into a mixture of oil 
of lavender and oil of petroleum, — a method tht<t succeeded 
and augured still further improvement ; for the image hecaino 
visible like an ordinary engraving, and on w^ashing the sheet 
with distilled water, left the representation permanent. As 
a further improvement of this, M. Niepce used a new mixture 
of sulphurct of potassium and iodine ; hut the light acted very 
slowly upon it, and the iodine, spreading itself over the surface, 
rendered the image confused and obscure. 1 h(j oil of petro- 
leum, first used l)y this gentleman, was found to have the 
property of attaching those points of the metallic surface, 
which had been preserved from the action of light by tlie 
shades, while it was of no effect on those parts touched by the 
solar rays. 

It was at this stage of the invention that M. Daguerre’s 
labours were joined to those of Niepce ; and it is only after a 
long series of experiments, carried on with unwearied p#‘rse- 
verance for many years, that, after M. Niepce’s death, M. 
Daguerre has at length resolved the problem to its present 
jsxtent. We omit the history of these experiments, and pass 
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on at once to the actual process as it; now used by its author. 

A sheet of copper, plated with silver, is waslied carefully in 
a solution of nitric acid, which removes from it all the extra- 
neous matters on its surface, and especially any traces of cop- 
per from the silver surface. A slight degree of friction is 
requisite iu this process, hut it must not he applied always in 
tin? same direction. M. i^aguerre has observed, that with 
the friction used ill a particular • manner, a sheet of copper 
thus plated with silver answered better than a slieet of silver 
alone ; and he iiUers from this, that voltaic agency is not 
unconnected with the effect. When the sheet is thus pre- 
pared, it is plact}d in a closed box and exposed to the vapour 
of iodine. 'J'his vapour is made to pass through a very fine 
sheet of gauze, to render iis distrilmtion more equable over 
the surface of tluj silver, and in oriler to ellect this object 
(which is cjuite indispensable) more certainly, the sheet has a 
small metallic rim raised round ail its edges. A thin coating, 
of a yellow colour, is thus formed on the surface of the sheet, 
wliieh is e4imatcd by M. lJumas at not more than the 
tailliouth part of a millimetre in thickness. The sheet, when 
covered with this substance, is of the most excessive sensi- 
bility to light ; and is thus ready for the camera ohscura. M. 
Daguerre, in the instrument which he uses, employs a piece 
of uiipolisluHl glass, which ]ui brings first of all into the focus 
of the lens, in order to determine the exact point at which the 
sheet should he placed ; and, as soon as this is determined, 
the sheet is placed accordingly. A few seconds, or minutes, 
according l*o the time of day, the state of the atmosphere, 
&c., suilice for forming the photogenic imixge. ; hut it is hardly, 
if it all visible on the .surface of the sheet. To make it so, 
the sheet is placed in another box, and exposed to the vapour 
of mercury, heated at G'J" Reaumur, or 167 of Fahrenheit. 
One of the most curious circumstances attending this part of 
the process is, that the mercury must act at a certain angle. 
If the drawing is intended to be seen vertically, it must be 
suspended over tlie niercur}^ at an angle of 4.5' ; if it is to be 
seen at an angle of 45^", it must he suspended horizontally. 
On being taken out from the n\orcury-bath, the sheet is 
plunged into another bath of the hypo-sulphite of soda; this 
solution attacking the parts upon which (he light has not been 
able to act, and respecting the light parts, — being the very 
inverse of the action of the mercury. It may be supposed, 
therefore, observed M. Arago, that the light parts of the 
image are formed by an amalgamation of mercury and silver, 
and the dark parts by a sulphuret of silver, at the expense of 
the hypo-sulphite of soda. M. Arago o’oservod, that no sati*- 

R2 
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factory reason had yet been o-ivcii for this latter part of the 
protess. The sheet is ilnady washed into distilled water, and 
the operation is terminatiHl. , 

d he drawing, thus obtaine<b is perhu tly ins<’n>il>le to the 
action of light, but it is liable to injury, just like a ernyf)n or 
jjencil-drawing, and reipiiri's to be presi'rved under a glass. 
The eilbct oftlie whoh> is nnraeu'ious : and as an instaneiu we 
may mention tliai oiu^ ol» the drawings (whibited by M. 
Daguerre, on INlonday, was tlu* view of a r* oni with s<Mne rich 
pieces of carjiet ui it; ihe threads of 1lu‘ <‘!n|»el wire given 
with inatheinaiicai aceuracj.and with a i itdine.-s of etlec t tliat 
was (juite marvelous. 

J^uch is tlie pioce.^sof M. Dagueire ; wo must add, that it 
is found that tlu' sun- light does not act e(juall\ well at all 
hours of the (lav, nor even w'luui th(* .sun is at eipial }uMghl.s 
above tin' hori/.on. d ims tin' ('ilect i'- produced btUler at ten 
in tlie morning tlian at two in the afternoon ; and heiiec tin* 
Daguerrof ffpe may lx.* of immeuso value iii measuiing the 
intensity ol light. ‘ 

1 he caiin'iu ohseura. ('inployed hy M. DagiH'nu', may he 
put in a hox two fei t long, two feet wide, and two and a hall 
i'eet higli : tl»e [iriee of the whole apparatus ma\ la* tVmn -Kfd 
francs to irnues ; tin* pru e of eacli met iillie shci t is about 
tliree or four frain's. 

]M. Dagu(*rr(‘ has intrusted tin* manufacture and selling of 
the a})[uirat U'', to the* house of Aliiln^n-a ( iir(ui\ , in the l\i:c 
de (d)(], St. llonorf. 

\\ e need lianlK say lliatlln* mo-4 ent Imsiast i<‘ < heers 
spondedfiom the grave i»ein lu's ev <n of tin* rn-ade.ny, on tlui 
teimination of i\j. Arago'.s descrijition ; and the Tresident, 
M. Chevrtul, (omj)jiiii«'n!cd M. DuguoiTe in the warmest 
terms A — Lhera ry ( / az 


* It seems to us that, beautiful as this process is u]K)u metallic 
Ruhstauces, much of the utility of pliotogeuic rojiylng will he lo.4, 
unless the artist and traveller can use paper instead of copper, 
iijdhif fl.) and tturcnrlfdisnd. 'I'he images ])roduc<‘ d hy M. 
Daguerre are exijuisltcly correct, hut gloomy-louking. fhi'y re- 
semble moonlight pictures done in ink. VVd; also hear from l^ari.s, 
that IVh ( -ollat lias succeialed in Ins method of co)»yiug busts, staiiu's, 
or other solid objects, with inathmnatiral precision, d'his is, per- 
haps, as remarkable a discovery as the photogenic; and one that 
may be applied to many valuable purposes. — Ed. L. G. 
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X X V H f . Stt pplemenlary Note to Dr. I^'a rad ay’s Eleventh 

tSertes of Ej peri me ntnl Researches. 

.\Jarrfi 

1307. 1 liavo n^contly put into au rxix riinnntal fonn that 
guiu riil staioineni ot the (|ue'^lioii oK spevijtc. inchirt ive capacit y 
wliich is giviui at No. 12.72 t>l* Series \1, and the re^ult is 
such UN to It a<l nu' to hojie that tlie Council will authorize its 
nd(hti<.)n to the paper in the foriii oF a .supfdenienlary iiol(\ 
3'hrec' circular hras.^ jjlaies, al^out live inches in diameter, 
were mounted side l)\ side ujion insulated })dlars ; the middle 
onm A, was a tixtum, hut th.<‘ out(n* })Iates 15 and were move- 
able on slides, so iliat all three couUl i;e brou 4 .ht with their 
sides almost in? o (onlact, or s<'parated to an\ i’(ajuir('d distance. 
3\vo gohl h'a\ t's \vt‘re‘ siispend<^d in a ‘da'-> jar Iroju insulated 
wires; oih' oi tin' oulei* plates D. was eonnet“lj<d with one ot 
the gold leavt's, and tin' oJlu'r outer piaK' with the otiier leaf. 
3 he outer j>lat<'s l> and (‘ wt're adjiisied at the distance of 
an inch and a <{?iitncr from the middie plate A, and the gold 
leaves wi r<‘ lived ??t two inclie.s a[)ait*; A was then sligditly 
('harg-'d wilh «*loetrieit y, Jind tin*, plates ]> and C. with their 
gold lea\es, thrown out of iu^uhit ion <'// the same driie.^ and 
then h't't insulated. In thi.^ state ot‘ tlutigs A weis eluirged 
positi\ <_‘ induetriealh . and -1 with C lu'galive iuducteously ; 
the same di<'lee( i in , air, being in the two intervals, and the 
gold h‘<av('s hanging, of eoiiist'. parallel to each other in a 
relatively iineleetritied ‘'tale. * 

I3tN. A, i ifite ot sin'll hie, three (piartors of an inch in 
tliit'kiu'ss, and four inches s(juare, suspi'iuled l>y clean white 
silk thread, was \ ery ear(*fuh\ dt*pri\ed ot‘ nil charge (12.!3.), 
so that it ])nuluced no <?ireet on the gold leaves if A w a re un- 
cliarged, and then introduced helween ])lales A and l> ; the 
electric relation of the three j>iate.s was immediately altered, 
and th(‘ gold leaves attracted each oilier. On removing the 
shell lac this jiftraidion ceased: on introducing it between A 
and C it wans reuewt'd; on rt'iuoving it tlii' atliMCiioii again 
ceasc'd ; aiul llie -hell l ie wln'ii examined by a delicate 1. ou- 
loinh eleetronu’ter was still witliout i bargi'. 

13()9. As A was jxjsitiii*, li and C wi'ie of course negative; 
hut as the speeihe inductive capacity of shell hie is about thrice 
that of air ( 1 27(1. ), it wasevp'cled that when the lac was in- 
troduced In’twe'cn A and 15, A would induce more towards ]3 
than towards O ; and tliereiore 15 would Ix'coine more negative 
than hetore towards A, and, eon.-eijuently, hci’anso ol its 
insulated condition, he positive externally, as at its hack or 
at tlie gold leaves; whilst C’ would be less negative towards 
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A, and therefore negative outwards or at the gold leaves. 
This was found to be the case ; for on whichever side of A 
the shell lac was introduced the exteriial plate at that side 
was positive, and the external plate on the other side negative 
towards each other, and also to uninsulated external bodies. 

1310. On employing a plate of sulphur instead of shell lac, 
the same results were obtained; consistent with the con- 
clusions drawn regarding the high specitic inductive capacity 
of that body already given (1276.). 

1311. These elfects of specific inductive capacity can be 
exalted in various ways, and it is this capability which makes 
the great value of the apparatus. Thus I introduced the 
shell lac between A and B, and then for a moment connected 
B and C, uninsulated them, and finally left them in the in- 
sulated state; the gold leaves were, of course, hanging parallel 
to each other. On removing the shell lac tlie gold leaves 
attracted each other; on introducing the shell lac between A 
and C this attraction was increased (as had been anticipated 
from theory), and the leaves came together, though not more 
than four inches long, and hanging three inches apart. 

1312. By simply bringing the gold leaves nearer to each 
other 1 washable to show the difhnence of specific inductive 
capacity when only thin plates of shell lac were used, the rest 
of the dielectric space heiiig filled with air. By kringing B 
and C nearer to A, another great increase of sensil)ility was 
made. By enlarging the .size of the plates si ill further power 
was gained. By diminilhing the extent of the wires, &c., 
connected with the gold leaves, another improvement resulted. 
So that in fact the gold leaves became, in this manner, as 
delicate a test of spcciffc inductive action as they are, in 
Bennet’s and Singer’s electrometers, of ordinary electrical 
charge. 

1313. It is evident that by making the three plates the 
sides of cells, with proper precautions as regards insulation, 
&c., this apparatus may be used in the examination of gases, 
with far more effect than the former apparatus (I !s7. 1290.), 
and may, perhaps, bring out differences which have as yet 
escaped me (1292. 1293.). 

1314. It is also evident that two metal plates are quite 
sufficient to form the instrument; the state of the single 
induefeous plate when the dielectric is changed, being ex- 
amined either by bringing a body excited in a known manner 
towards its gold leaves, or, what I think will be better, 
employing a carrier hall in place of the leaf and examining 
that ball by the Coulomb electrometer (llhO.). The induc- 
tive and inducteous surfaces may even be balls ; the latter 
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being itself the carrier ball of the Coulomb electrometer 
(1181. 1229.). 

131.^. To increase the effect, a small condenser may be 
used with great advantage. % Thus if, when two indue teous 
plates are used, a little condenser were put in the place of the 
gold leaves, I have no doubt the three principal plates might 
be reduced to an inch or even half an inch in diameter. Kven 
the gold leaves act on each other for the tijiie as the plates of 
a condenser. If only two plates were used, by the proper 
application of the condenser, the same reduction might take 
place. This expect aiion is fully justified by an effect already 
oboervedand described (lX.'20.). 


Obseri'ations on Dr. Faraday^s Eleventh Series. 

Our readers are already aware that in former parts of these 
Annals” we have had occasion to notice considerable errors 
which are observable in various series of Dr. Faraday’s 
Experimental Researches in Electricity : and we are happy 
to learn that our remarks have been productive of considerable 
experiment aJ enquiry (even amongst some of our author’s 
particular friends), which is one of the great objects for which 
this periodical was first established : and certainly the only 
method of arriving at those important truths on which this 
branch of scientific knowdedge musf ultimately rest. 

The grand theme of the Eleventh Series is In duct ion 
Dr. Faraday has attempted to inwesligate in a variety of 
capacities : .but with wdiat success these investigations have 
been attended our readers will iiecessari!^ form their own 
opinions ; our business being merely that of pointing out a 
few particulars essentially connected with the subject : and 
showing their bearing on one another, and on the theories 
they are intended to support. 

Respecting electro-decompositions. Dr. Faraday supposes 
that the step is an electro-polarization of the compound 

particles operated on, and decomposition the second” step in 
the process (1164). To this doctrine we can have no objec- 
tions whatever, because we have entertained the same idea 
ourselves several years ago, as may be understood by consulting 
page 10, Vol. 1, of these Annals: nor could we have any 
objections to the idea of polarizing contiguous particles of at- 
mospheric air or of specific induction, provided we were 
favoured with any experiments in support of it. Dr. Faraday’s 
cage experiments (1173) have thrown no light on either of 
these points, nor have they proved any thing not previously 
known. 
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The experiment which Dr. Faraday made with the electro- 
meter in the cage (1171), was <)1)\iously a ro})olition of one 
of those very interesting experiments v hit h Decraria made 
with his electrical ireir'* more than .sevc Tity years ago: tlie 
“well” in one case being, I'irtiinlly. the cage in the other: 
and the “ delicate gold leaf electrometer” cd' Dr. I'araday, the 
scrutator oi the illustrious Itaiiim. As fur as h)r. h’araday 
pursued Beet aria’s experiments, the ro'-ults were the same; 
but when, “by working the machine, tlu^ air within this 
chamber could be brought into wluit is con>idcied a highly 
electrified state;*’ and that, “ ev<*ry attempt to charge air 
bedily. . . .failed (llTd),” Dr. FnradivyV (‘xpcrimenls beernne 
truly originah and the icsuhs of a* very dihi-ieut characlcr to 
any thing ever obtained l>y Ib^uaria. \(>y do w(‘ remember 
that our Italian philosopher has any where iideirerl tliat, “ if 
any portion of tlie air wa>s eleetrihed, as glass or other in- 
sulators may he charged, it was accompanied ])y a correspend- 
ing oppo.sitc action nit hi n the cube (1173):” IVom <'\‘pf'ri- 
ments in which, “nejther dining the cliarge or after the 
discharge did the ( le<‘trome(er or »air within (tiie (uhc) sliow 
the least sign of eleetriciu ( I tT 1 n” 

Dr. I’ai^day /// b/g i?f the cffye was tlie very worst siluaf i< n 
he could po>vihly h-iN e cho'on lo Hn in whilst atlemp>ting (o 
ascertain the electrical ( r,ii(Iin(,n of its content : lor being 
surrounded by eijUal eleftiicui tcu’ci s he h.ad ijf) means of* dis- 
covering any of them. An electn inet<'r phu e<l in tin cimire 
of force of an liiglily cfectriz< d chaal, would not indicate 
e’ectric action, because of tiu' surrounding foreesbaianeing one 
another. If Dr. Saradny. whi]>l in tliecagtn hail imitated the 
dwarf in thelantcrn, by bolding !»is elcctromcti rout at thedoor, 
in the manner which thehiih man ImkKoiit his hell, he would 
have found very dillhrc n( resull.s totho.se lu* ohiained n ithin. 

We do not mean tc» loilow J >r. b'aiadiiy through all his 
evolutions of induction, a.s onr juincipal object is to place 
those experiments on which the theory depends in a proper 
light before our readers. 3 he globe experiments commencing 
at paragraph I2t8, arc exceedingly ingeniiais; and if they 
could he ri'peated, in other hands, willi the same exactitude 
of results as reprixsented by Dr. Faraday’s hgures, they would 
certainly he of great interest. In the first ex^Kwiment we find 
the original cliarge of app. 1 to he 2.74 : but on a second 
trial it wa.s reduced to 2;70'' : and llmt tlie .^nin total of the 
divisions of the charge was li 24.12 L4-2-4-lr:-240 : or just 

^ Beccaria’s Artificial Klectrieity. f.ontloii, Quarto Kdiiinn, 
p.^SR. ; also Cavallo’s Electricity, Second Editon, p, Hy6. 
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one degree less than the whole charge before division. Now 
W'C are told in paragraph 12.50, that six minutes are necessary 
to pass through the iimnipulation, after the first charge is 
taken : “ three miiiules pass between the first charge of app. 
1 and the division ; and three minutes between the division and 
the discharge, when the force of the non*transferable electri- 
city is mea^ured.” Now it cannot be doubted that the same 
space of time would be required to ascertain the latter state 
of the whole charge as would be required for the,/?r5^. But 
during the time the state was measured, there occurred 
a loss of 4', and, conseqmmtly, a considerable loss would occur 
during the time occupied in measuring the latter state of the 
whole charge in app. I before the division was made. The 
words dividt'd and instantly taken” do not imply that the 
division was made at the instant the carrier left app. 1, for 
to ascertain the latter state of the whole charge at the elec- 
trometer. 'I'lie division took place after the carrier had 
returned a second time from the electrometer; which must 
necessarily have been tlie case ; for we find (1207), that 
the carrier w as back again “ touching hue of the balls” of the 
apparatus at the time the division was made, lender these 
cireumstanees then, if \ were lost during the first measure- 
ment, of the w hoh^ charge of app. 1 , it is fair to infer that 3“, 
at least, would be lost during the second measurement. 
Idiorefore tlu' sum total of the diu^sions of the charge as 
stated (l2n’S), would be 2 greater than the whole charge 
itself. Moreover, as three minutes elapsed in measuring the 
divisions, there would still be another loss to be brought into 
account : and as there would also remain in the two globes 
residual cliarges which the carrier could not take away, the 
sum of the parts the charge would obviously appear con- 
siderably greater than the original charge itself; showing 
pretty ckuvrly that either the apparatus were very unfit for the 
enquiry, or that the experiments were very inaccurately per- 
formed. Dr. Faraday, how'ever, has squared his figures 
pretty w ell to make “ both ends meet,” w'ithout noticing these 
ios.ses and residuals of charge which ought to have been 
act^ounted for. , 

Having given one specimenof the globe experiments we must 
leave our readers to judge for themselves of the rest of them. 
W'e shall not proceed with our observations on induction in 
curved lines ( 121,5)” at present ; but shall place before our 
readers the origin of the experiments and the explanations of 
the phenomena given by their authors, in our next number. 

Edit. 
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XXIX. On a phenomenon observed while experimenting 

with a Wollaston'* s battery of a large size. By E. Lenz. 

(Communicated by the author to the Editor of Poggendorff’s 
Annalon, and translated from vdl. 47, p. 461 of that work.) 

It is well known that, in accordance with x\nipcre’s theory, 
two succeeding particles of one and the same galvanic current 
mutually repel each other, and that Am[)ere I)ore out this 
deduction from his theoretical views by an experiment we find 
cited in all our manuals of electro-magnetism, namely, that a 
duly bent conducting wire resting on two disconnected sur- 
faces of quicksilver acquires a sailing motion the instant these 
surfaces are brought into connexion with the polar wires of a 
galvanic battery. 

Some time ago when at Professsor Jacobi’s I witnessed a 
phenomenon evidently identical with that I have just men- 
tioned, but of a remarkable degree of intensity, The battery 
consisted of twelve pairs arranged as has been stated, and each 
presenting (taking only one side into account) a surface of 
three square feel of zint. The plates were fastened to a frame ; 
and the troughs, which were all filled with a very active mix- 
ture of diluted sulphuric and nitric acids, were so placed on a 
board that by means of a winch and wheel-work they could be 
raised up to them. The separate plates were so connected as 
to form a continuo us w'lii^e by means of thick copper wires of 
this shape j j , their legs dipping dow n into mercury 

cups that were screwed on to the zinc and copper plates. 

The action of this battery was so energetic thai it at first 
raised to a white heat, and them melted through in the middle, 
a platina wire 0,125 inch thi<;k, and inches long ; that is 
to say, the length of the connecting copper wires. 

The most remarkable phenomena that we observed with 
this battery was however the following, namely, that on com- 
pleting the circuit in itself by means of the copper connejcting 
wires only and then raising up the troughs, as soon as the 
greater part of the surface of the plates became immersed the 

WHOLE OF THE CONNECTING WIRES SPRUNG OUT OF THE MER- 
CURY CUPS WITH A LgUD CRACKLING NOISE. We Can, it is 
clear, only explain how the wires are thus thrown out by 
means of the repulsion we have alluded to, and which ishei*e 
called forth at the places where the particles of the current in 
immediate succession pass out of the mercury into the con- 
xtecting wire, and from this again into the mercury of the next 
pair of plates. It is however remarkable that this power of 
repulsion should be strong enough to heave up wires, each of 
which weighs 210 grains. 
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The like was also observed when the battery did not con> 
sist of the whole of the twelve pairs in connexion, but only of 
some of them ; this, however, is in strict accordance with 
Ohm’s law, according to whiijh the strength of a current is 
the same, be the number of the elements composing the bat- 
tery what it may, provided it is not interrupted by the inser- 
tion of any foreign conductor. 

JULIAN GUGGSWORTH. 

Wormwood Scrubbs, 

September 1 1, 


XXX, Supplementary to Article XVf . p, 190. 

The lightning which fell on the Royal Hotel of Invalides, 
on the Hth of June last (.see p. 21/>), ha.s produced effects from 
lateral explosions much greater than any J ever heard of before, 
and liighly c orroborative of the inferences 1 have drawn res- 
pecting the ‘‘ j)robable eilects” which similar explosions w^ould 
have on Mr. flarris’s conductors (200). T he projecting' of 
the nails from the lead on the lantern,''the lifting up of that 
great mass of lead, and the entire removal of the lead sur- 
rounding the ba.se of one of the columns of the lantern are 
ample proofs of the astonishing eilects of lateral explosions: 
and certainly the best data which could be furnishecl for sup- 
posing that Mr. Harris’s conductors #re liable to be peeled 
from the masts by a similar kind of action. 

I have already mentioned that lateral discharges were ex- 
tensively stii|lied by Visc'ouiit Malum ; but, perhaps, the experi- 
ments of Professor Henry, of New Jersey College, in the 
United States, w ould he more to my purpose. 1 his philosopher 
informed the liritish Association at the Liverpool meeting, 
that he had taken sparks from various parts of a lightning reni 
erected upon the best principle, and well connected with the 
ground, when that rod was carrying a discharge of electricity; 
and stated that he believed that no rod could be sufficiently 
uninsulated as not to produce lateral discharges. 

Since my fourth memoir was printed I have been favoured 
with the opinions of several naval officers respecting my plan 
of protecting shipping from lightning; and having availed 
myself of some valuable suggestions as to the probability of 
those branch conductors which I had proposed to be placed 
before the shrouds of each mast, being liable to injury by 
pressure from the yards when the ship is close hauled, J have 
dispensed with them altogether. The system will thus be 
much simplified, and give an opportunity of placing the whole 
of the metal in those conductors which are aft the shrouds. 
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and entirely away from the masts. This plan will also 
remove every apprehension which might have been entertained 
of the shrouds being ignited in coiiscqiien(;e of lightning heat- 
ing those conductors which were in partial contact with them. 

Fig. 8, Plate IV. represents a vertical section of the star- 
board and larboard conductors of each mast from the topgal- 
lant mast head to the copper sheathing of tlie vessel ; and 
the darts show the manner in which a Hash of liglitning would 
be conducted down both sides of the rigging to the sea. 
Should a flash of lightning happen to strike eitlier of the top- 
gallant mast branches, then, luHause of their metallic union 
above, at the mast head, the lightning would be distributed 
throitgh both branches, as decidedly as if it had struck tlie 
spindle above the truek. i he topmast ct)nduetors being also 
metallically connected at the crosstrees would eacli conduct 
its own share of any Hash of lightning whic h should happen to 
strike on eitlier tlie starboard or the larboard branch. 'J'he 
low'er mast conductors wovdd also reciprocally and mutually 
assist in conducting lightning which should stiike cither of 
them. Hence, therefore, on whatever part of a conductor 
lightning should strike, it w(>uld invariably find two conduct- 
ing cliaimels to the sea, one on eacli side of the ship. 

Fig. 0, gives a side view of the starboard and ibrestay con- 
ductors of athree masted vesj-ol ; also a view of t he main topmast 
and mizeii topmast stay conductors, whi<*h might be applied 
if thought necessary. These latter would be the means of 
uniting all the conductors into one system from tin? topmasts’ 
heads downwards to the sheathing. By this i^ieans every 
flash of lightning striking any branch conduettir of the system 
would find its way to tlie sea through seven conducting chan- 
nels, three on each side of the ship and one from the fore stay 
conductor which terminates under the bows. 1 be small darts 
in fig. 9 show the distribution of the electric fluid from a flash 
of lightning suppo.sed to strike the inain-topgalJant mast 
head, or the vane spindle above it. Idghtniiig thus exten- 
sively distributed amongst distant liranelies of tlie conducting 
system would be rendered perfectly harmless. 

The fastenings emee completed, the conductors could at any 
time be put up in a few hours, and remain stationary during a 
cruise or a voyage, as decidedly as the standing rigging. 

Mr. Harris’s answer to my letter of September 12, is dated 
Plymouth, September 15th,” in wliich be informs me that 
he was Secretary of the Physic*al Section of the British As- 
sociation, at Birmingham, but did not see or hear of iny pajiers. 
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XXXI. Beriews and Notices of A'^ew Books. 

The Unirersal Beadtj Uvckoner, or Boynl Road to Jlrith- 
metic : hein<jr instntctions /a- the vse of the Slidmg-Rvle : 
comfded for the vse of ladies and idle Gejttlemen. By an 
Idlk ( ir.NTLKMAN. ,tonN Lki;, 44l), IVest Strand, near the 
Bovther At cade. 

I’lie autlior of this liltlo work is, in our estimation, so far 
from (le>rr\ iog tlie title whith he lias given himself, that we 
consider him a very indusirious and useful man : and we 
heartily iveommeud tlie Jtoyal Road to Arithmetic to that 
class of g(‘n<lem('ii to whom it is addressed; not for th^ pur- 
pose of iiulul^ing in their idleness, hut as an example to 
iuduet* them to liriiig liu'ir talent into active; and useful play, 
ami devote their time to those mei tal pursuits which arc the 
strong Iml walks against the invasions of lethargy and vice, 
and the sure means of becoming henefactors to mankind, and 
of attaining true, honour and lasting reputation. 

lluh‘ is justlj’ described ns niostriiseful to those engaged 
in long calcnlations, however skilful t!u‘y may he in arithmetic, 
both as saving much time in many eases, and more especially in 
acting as a eluM.'k to detect and remedy errors which are always 
Jiahle to creep into tht.‘ calculations of the most skilful, and W’hich if 
undelectetl, will viliati' a whole process. 

Its great use. however, is to the unskilful, and especially in the 
facility it gives in multiplying and dividing fractional and mixed 
nuinlxTs, in measuring tin* surfaces and solidity of various things : 
in short, its acting as a complete universal Ready-reckoner, with 
litthr nu)i’c trouble than is necessary to underslami a printed ready 
reckoner tor om‘ thing only. Moreover, nol>ody can make them- 
selv«‘s tolerably (in fiif at the Rule witliout at the same time im- 
proving tluMMselves, if ignorant or delicient, very mucli in the 
science of arithmetic, d'he time and trouble it saves and the accu- 
racy it gives, and the power of doing things whicli would have been 
deemed liy most pt'ople utterly liopeless, are beyond all praise. 

“1 trust, Ihendore, that okl as the rule may he, considering how 
little it is know n in tlie fashionable w orld, 1 am not over presumptuous 
in h(>j)ing*, 1 may have done some service in calling afresh the 
attention of indivi<lua]s to it. 4'Iie tirst part of the booh is addressed 
to the most ignorant and most idle, wdiom, by restricting myself to 
the very sim]>lesl directions, 1 have endeavoured not to disgust or 
confuse. In the second I have entered more into detail, and given 
such reasons and explanations as may satisfy laudable curiosity and 
give some useful instruction apart from the actual use of the 
instrument.’* 

We have perused this little volume wuth great pleasure, 
and consider it our duty to recommend it to every class of 
professional men, and artificers, who are desirous of availing 
themselves of the assistance of the sliding Rule. 
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XXXII. MISCELLANEOUS ARTICLES. 

Mr. Leeson, who has succeeded Mr. l^hillips to the lecture- 
ship at St. Thomas’s Hospital,* has lately been engaged in a 
series of experiments for the purpose of ascertaining the 
amount of pressure which would stop the electro-chemical 
decomposition of water by voltaic electricity of a certain ten- 
sion ; and has discovered tliat about .50 atmospheres is capable 
of preventing decomposition from an electric force of a voltaic 
series of about pairs. iVlr. Leeson has employed cylinders 
of glass about 3 inches long and nearly 4 inches diameter, 
with a hollow axis the diameter of which is about f of an inch, 
leavifig the solid glass of more than an inch and a-half thick. 
The ends of the cylinder are ground perfectly flat and smooth, 
and are covered wdth flat iron plates of considerable thickness, 
also ground flat and smooth, in order to form air-tight joints 
with the two ends of the glass cylinder. The cylinder, being 
placed on one of the iron plates, is filled with water, and the 
other plate is then placed on the other end; and both plates 
kept firmly in their places by bolts and screw nuts which hold 
all together. It is to be understood that there is a contriv- 
ance for fi.ving two strips of platinum within the cavity of the 
cylinder, and for connecting them with the poles of the bat- 
tery employed. Having thus described the mode in which 
Mr. Leeson proceeds with his interesting experiments, it re- 
mains that we inform our readers, that we have seen the frag- 
ments of one of those glass cylinders which was split by the 
internal pressure of the liberated gases from the *<lecomposi- 
tion of water. The broken cylinder w hich we saw' in Mr. 
Leeson’s laboratory, was at least an inch and a-half thick of 
solid glass ; wdiich seems I o have broken by a pressure of a 
little more than 50 atmospheres. Edit. 


O/i a remarkable property of Electric Tension. 

M. C. Doppler, Professor of Mathematics, at Prague, has 
said that he has discvwered that a feeble electric cliarge given 
to a bar of insulated melal causes it to contract ; and, of course, 
if negatively electrized, the metal expands. The following is 
the method employ ed in the experiment : — 

A thin copper tube, about three feet long, is properly placed 
in a delicate compound lever-apparatus, something similar to 
our lever- pyrometers, and properly insulated by glass stems. 
If now, a feeble electric tension be given to the tube, the in- 
d«K of the lever-apparatus immediately begins to move, indi- 
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eating a conirnef ion of the tube. By increasing the temsion 
the motion of the index is so swift that the eye cannot trace 
it ; so that for high electric tensions a simple lever- apparatus 
answers better than the delicate compound one. When sparks 
are either intentionally taken from the tube or that they are 
discharged spontaneously, the index rapidly recoils, indicating 
an erpansion (prolongation) of the tube ; which contracts 
again by an increase of electric tension. This properly of 
electricity is said to have been discovered by a single pair of 
plates ; and, as Poggendorff has justly said, probably by an 
electric current,” which would render the circumstance still 
more curious, unless the current produced a depression of 
temperatur«‘ in the tube. From FoggendorJjTs Annalen der 
Physik V7id Vhemie, Kdit. 


Mr. Mason, of High Holborn, w'ho is an exceedingly dexter- 
ous experimenter, has lately discovered^ i^thod of enhancing 
the beauty and splendour of charcoal ’tlelagrations by voltaic 
electriidty. He powders bichromate of potash and places the 
powder on the points of the charcoal, and when the latter has 
become red hot, the bichromate also enters into deflagration. 
I'he light produced is tw^o-fold that given by the charcoal alone. 
The potash ])ecomes decomposed and the liberated potassium 
scintilates in a very beautiful manner. We have seen Mr. 
Mason produce a beautiful effect with a battery of only thirty 
small jars. Edit. 


Speaking of deflagrations, perhaps it may be interesting to 
some of our readers to know that the laminated metals, such 
as gold, silver, or copper leaf, &c., give a good effect when de- 
flagrated on a strip of bright tin plate, which maybe con- 
nected with one pole of the battery, whilst the metallic leaf, 
placed on a long copper wire in connexion with the other pole, 
is passed gently over its surface. Gold gives the feeblest 
light, copper next. The light from white Dutch metal is 
much more brilliant, and of a pale purple tinge. Thai from 
silver is exceedingly handsome, being a pale greenish yellow. 
We have, for many years, used zinc turnings for deflagrating 
at the lecture table, d bey burst into a complete blaze, and 
become converted into philosophical wooly which floats in the 
air for a long time afterwards. Edit. 
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My Dear Sir, 

I have received your very interesting’ paper on successions, 
or series of electric currents, wijh which I am quite delighted. 
You will perceive, by looking at page 112 of vol. 2 of tlie Annals, 
that I had proceeded as far as tertiary currents, by means of the 
Magnetic Electrical Machine; but you have gone much farther, 
and the results of your experiments are really beautiful. 1 sh^^l 
place them before our English experimenters in the January num- 
ber of the Annals. 

My principal object for making this letter public is, that of giving 
philosophers an opportunity of testing my theory of magnetic 
electricitv, as given in vol. 1. of the Annals of Electricity, &c.” 
with your extensive series of successive currents You have given 
a series of symbols expressive of the directit.'n of the currents to the 
fifth degree, by opening the circuit. Now, if my theory he correct, 
I can predict the di. '' ’tjon of the currents which would be brought 
into play by closing ffie circuity which series will be very different to 
that given by opening the circuit. The two will stand as follows:— 


On opening the Circuit. 

On closing the Cimut. 

Primary Current -4- 

+ 

Secondary Current .... -4- 

— 

Current of the 3d order — 

4- 

Ditto, 4th order 4* 

— • 

Ditto 5th order — 

■4 

&c. 

&c. 

I have not tried the experiment, 

but I have no doubt of your 

finding the currents as I have predicted from an application of the 
principles of the theory. 

I 

am, my dear Sir, 

Yours very truly, 

Joseph Henry, Esq. Jj.L.D, 

W. STURGEON. 

Prof, of Nat. Philosophy, 

In the College of New Jersey, 
Princeton. 
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Further researches on the Magnetic Phenomena produced by 
Flectricily : with some new experiments on the Properties of 
Electrified Bodies in their relation to Conducting Powers and 
Temperature. By Sir Humphry Davy, Bart., P.R.S. 

From Phii.. Tran«. for 1821. 

Read July 15tb, 1821. 

I. In my letter to Dr. Wollaston on the new facts discovered 
by M. xErsted, which the society has done me the honour to 
publish, I mentioned that I was not able to render a bar of steel 
magnetic by transmitting the electrical discharge across it through 
a tube filled with sulphuric acid ; and I have likewise men> 
tioned, that the electric4il discharge passed across a piece of steel 
through air, rendered it less magnetic than when passed through 
a metallic wire ; and I attributed the first circumstance to the 
sulphuric acid being too bad a conductor to transmit a suffi- 
cient quantity of electricity for the effects and the second, to 
olg,c.tricity passing through air in a more' diffused state than 
through metals. 

To gain some distinct knowledge on the relation of the differ- 
ent conductors to the magnetism produced by electricity, I in- 
stituted a series of experiments, which led to very decisive re- 
sults, and confirmed my first views. 

II- I found that the magnetic phenom^a were precisely Ae 
same, whether the electricity was small in quantity, and passing 



258 Electro^ Magnetic Phenomena. 

through good conductors of considerable magnitude ; or, 
whether the conductors were so imperfect as to convey only a 
small quantity of electricity ; and in both cases they were 
neither attractive of each otlier, nor of iron filings, and not 
affected by the magnet ; and the only proof of their being mag- 
netic, was their causing a certain small deviation of the magne- 
tized needle. ' 

Thus, a large piece of charcoal placed in the circuit of a very 
powerful battery, being a very bad conductor compared with 
the metals, would not affect the compass needle at all, unless it 
had a very large cotMiact with the metallic part of the circuit ; 
and if a small wire was made to touch it in the circuit only in a 
few points, that wire did not gairi the power of attracting iron 
filings ; though, when it was made to touch a surface of plati- 
num foil coiled round the end of the charcoal, a slight effect of 
this kind was produced. And in a similar manner fused hy- 
drate of potassa, one of the best of imperfect conductors, could 
never be made to Cxert any attractive force on h-on filings, nor 
could the smallest filaments of cotton moistened by solution of 
hydrate of potaiisa, placed in the circuit, be made to move by 
the magnet j nor did steel needles floating on cork on an elec- 
trized solution of this kind, placed in the voltaic circuit, gain 
any polarity : and the only proof of the magnetic powers of 
electricity passing through such a fluid, was afforded by its 
effect upon the magnetized needle, when the metallic surfaces, 
plunged in the fluid, were of considerable extent. That the 
mobility of the parts of fluids did not interfere with their mag- 
netic powers as developed by electricity, I proved, by electri- 
fying mercury, and Newton’s metal fused, in^small tubes. 
These tubes, placed in a proper voltaic circuit, attracted iron 
filings, and gave magnetic powers to needles : nor did any agi- 
tation of the mercury or metal within, either in consequence of 
mechanical motion or heat, alter or suspend their polarity. 

III. Imperfect conducting fluids do not give polarity to steel 
when electricity is passed through them ; but electricity passed 
through air produces this effect. Reasoning on this phenomenon, 
and on the extreme mobility of the particles of air, I conclude, 
as M. Arago had hkewise done from other considerations, that 
the voltaic curren^n air would be affected by the magnet. I 
failed in my first trial, which I have referred to in a note 4j0 ^y 
former paper, and in other trials made since by using too weak 
a magnet ; but I have lately had complete success : and the ex- 
periment exhibits a very striking phenomenon. 

Mr. Pepys having had the goodness to charge the great bat- 
tery of the London Institution, consisting of two thousand 
doable plates of zinc and copper, with a mixture of ll6ti parts 
of water, 108 parts of nitrous acid, and 25 parts of sulphuric 
acidf the poles were connected by charcoal, so as as to make an 
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arc, or column of electrical light, varying in length from one to 
four inches, according to the state of rarefaction of the atmos- 
phere in which it was produced ; and a powerful magnet being 
])resented to this arc, or colump, was attracted or repelled with 
a rotatory motion, or made to revolve, by placing the poles in 
different positions, according to the same law as the electrified 
cylinders of ])latinum described in my last paper, being repelled 
when the negative pole was on the right hand by the north pole 
of the magnet, and attracted by the south pole, and vice versa. 

It was proved by several experiments that the motion de- 
pended entirely upon the magnetism, and not upon the electrical 
inductive power of the magnet, for masses of soft iroii, or of 
other metals, produced no eft^t. 

The electrical arc or column of flame, was more easily affected 
by the magnet, and its motion was more rapid when it passed 
through dense than through rarefied air : and in this case, the 
conducting medium or chain of aeriform particles was much 
shorter. 

I tried to get similar results with currents of. common electri- 
city sent through dame, and in vacuo. • They were always 
affected by the magnet : but it was not possible to obtain so de- 
cided a result as with voltaic electrity, because the magnet itself 
became electrical by induction, and that whether it was insu- 
lated or connected with the ground.* 

IV. Metals, it is well known, readily transmit large quanti- 
ties of electricity : and Uie obvious limit to the quantity which 
they are capable of transmitting seems to be their fusibility, or 
volatilization by the heat which electricity produces in its pas- 
sage througlf bodies. 

Now I had found in several experiments, that the intensity 
of this heat was connected with the nature of the medium by 
which the body was surrounded : thus a wire of platinum which 
w^as readily fused by transmitting the charge froii a voltaic bat- 
tery in the exhausted receiver of an air pump, acquired in air a 
much lower degree of temperature. Reasoning on this circum- 
stance, it occurred to me, that by placing wires in a medium 
much denser than air, such as ether, alcohol, oils, or water, I 
might enable them to transmit a much higher charge of electri- 
city thin they could convey without being destroyed in air : and 
thus not only gain some new result as to the magnetic states of 
such wires, but, likewise, perhaps, determine the actual limits 

* I made several experiments on the effects of currents oi electricity 
simultaneously passing through air in different states of rarefetetion in the 
same and different directions, both from the voltaic and common electrical 
batteries, but I could not establish the fact of their magnetic attraction or 
repulsion with regard to each other, which probably was owing to the im- 
possibility of bringing them sufficiently near. 
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to the powers of different bodies to conduct electricity, and the 
relations of these powers. 

A wire of platinum of of ^ree inches in length, was fused 
in air, by being made to transmit the electricity of two batteries 
of ten zinc plates of four inches with double coppers, strongly 
charged : a similar wire was placed in sulphuric ether, and the 
charge transmitted through it. It became surrounded by glo- 
bules of gas : but no other change took place : and in this situ- 
ation it bore the discharge from twelve batteries of the same 
kind, exhibiting the same phenomena. VVhen only about an 
inch of it was heated by this high power in ether, it made the 
ether boil, and became white hot under the gJobules of the 
vapour, and then rapidly decomposed the ether, but it did not 
fuse. When oil or water was substituted for the ether, the 
length of the wire remaining the same, it was partially covered 
with small globules of gas, but did not become red hot. 

On trying the magnetic powers of this wire in water, they 
were found to be very great, and the quantity of iron filings 
that it attracted,' was^ such as to form a cylinder round it of 
nearly the tenth of an inch diameter. 

To ascertain whether short lengths of fine wire, prevented 
from fusing by being kept cool, transmitted the whole electri- 
city of powerful voltaic batteries, I made a second independent 
circuit from the ends of the battery with silver wires in water, 
so that the chemical decomposition of the w ater indicated a re- 
siduum of electricity in the battery. Operating in this way, I 

found that an inch of wire of platinum of kept cool by water 
left a great residual charge of electricity in a combination of 
twelve batteries of the same kind as those above mentioned : 
and after making several trials, I found that it was barely ade- 
quate to discharge six batteries. 

V, Having determined that there was a limit to the quantity 
of electricity which wires are capable of transmitting, it became 
easy to institute experiments on the different conducting pow'ers 
of different metallic substances, and on the relation of this power 
to the temperature, mass, surface, or length of the conducting 
body, and to the conditions of electro-magnetic action. 

These experiments were made as nearly as possible under the 
same circumstances, the same connecting copper wires being 
used in all cases, their diameter being more than one-tenth of 
an inch, and the contact being always preserved perfect ; and 
the part of the same solutions of acid and water were employed 
in the different batteries, and the same silver wires and broken 
circuit with water were employed in the different trials : and 
when no globules of gas were observed upon the negative silver 
wire of the second circuit, it was concluded that the metallic con^ 
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ducting chain, or the primary circuit, was adequate to the discharge 
of the combination. To describe more minutely all the precau- 
tions observed, would be tedious to those persons who are accus- 
tomed to experiments with thq voltaic apparatus, and unintelligi- 
ble to others ; and after all, in researches of this nature, it is 
imposible to gain more than approximations to true results ; for 
the gas disengaged upon the plates, the different distances of 
the connecting plates, and the slight difference of time in 
making the connections, all interfere with their perfect accuracy. 

The most remarkable result that I obtained by these re- 
searches, and which I shall mention first, as it influences all the 
others, was, that the conducting pofver of metallic bodies varied 
rvilh the temperature, and rvo/s lower in some inverse ratio as the 
temperature was higher. 

Thus a wire of platinum of 1-220, and three inches in length, 
when kept cool by oil, discharged the electricity of two batteries, 
or of twenty double plates ; but when suffered to be heated by 
exposure to air, it barely discharged one battery. 

Whether the heat was occasicnedby the electricity, or applied 
to it from some other source, the effect the same. Thus a 
wire of platinum, of such length and diameter as to discharge a 
combination without being considerably heated ; when the flame 
of a spirit lamp was applied to it so as to make a part of it red 
hot, lost its power of discharging the whole electricity of the 
battery, as was shown by the disengagement of abundance of 
gas in the secondary circuit : which disengagement ceased as 
soon as the source of heat was withdrawn. 

There are several modes of exhibiting this fact, so as to pro- 
duce effects which, till they are witnessed, must almost appear 
impossible. Thus, let a fine wire of platinum of four or five 
inches in length be placed in a voltaic circuit, so that the elec- 
tricity passing through it may heat the whole of it to redness, 
and let the flame of a spirit lamp be applied t9 any part of it, 
so as to heat that part to whiteness, the rest of the wire will be- 
come cooled below the point of visible ignition. For the con- 
verse of the experiment, let a piece of ice or a stream of cold air 
be applied to a part of the wire ; the other parts will immediately 
become much hotter, and from a red will rise to a white heat. 
The quantity of electricity that can pass» through that part of 
the wire submitted to the changes of temperature, is so much 
smaller when it is hot than when it is cold, that the absolute 
temperature of the whole wire is diminished by lieating a part 
of it, and, vice versa, increased by cooling a part of it. 

In comparing the conducting powers of different metals, I 
found much greater difference than I had expected. Thus six 
inches of silver wire 1-220 discharged the whole of the electri- 
city of sixty-five pail* of plates of zinc and double copper made 
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active by a mixture of about one part of nitric acid of commerce, 
and parts of water. Six inches of copper wire of the 

same diameter dischar^d the electricity of fifty-six pairs of the 
same combination, six inches of ti^ of the same diameter carried 
off that of twelve only, the same quantity of wire of platinum 
that of eleven, and of iron that of nine. Six inches of wire of 
lead 1-3S0 seemed equal in their conducting power to the same 
length of copper wire of 1-220. All the wires were kept as 
cool as possible by immersion in a basin of water. 

I made a number of experiments of the same kind, but the 
results were never precisely alike, though they sometime ap- 
proached very near each other. When the batteries were highly 
charged, so that the intensity of the electricity was higher, the 
differences were less between the best and worst conductors, 
and they were greater when the charge was extremely feeble. 
Thus, with a fresh charge of about one part of nitric acid, and 
nine parts of water, wires of 1-220 of silver and platinum five 
inches long, discharged respectively the electricity of thirty, and 
seven double plates. 

Finding that wheP' different portions of the same wire plunged 
in a non-conducting fluid were connected with different parts of 
the same battery equally charged, their conducting powers ap- 
peared in the inverse ratio of their lengths : so, when six inches 
of ^|vire of platinum 1-220 di.scharged the electricity of ten 
double plates, three inches discharged that of twenty, 1^ inch 
that of forty, and one inch that of sixty : it occurred to me that 
the conducting powers of the different metals might become 
easily compared in this way, as it w'oukl be possible to make the 
contacts in less time than when the batteries were charged, and 
consequently with less variation in the charge. 

Operating in this way, 1 ascertained that in discharging the 
electricity of sixty pairs of plates, one inch of platinum was 
equal to about six inches of silver, to inches of copper, to 4t 
of gold, to S-8i5f lead, to about 9-10 of palladium, and 8-10 of 
iron, all the metals being in a cooling fluid medium. 

I found, as might have been expected, that the conducting 
power of a wire for electricity, in lotteries of the sixe and num- 
ber of plates just described, was nearly directly as tlieir mass : 
thus, when a certain length of wire of platinum discharged one 
battery,* the same length of wire of six times the weight, dis- 
dhun^gcd six batteries ; and the effect was exactly the same, pro- 
vided the wires were kepi cool, whether the mass was a single 
wire, or composed of six of die smaller wires in contact with 
each other. This result alone showed, that the surface had no 
to conducting power, at least, for electricity of this kind, 
^ was more distinctly proved by a direct experiment : equal 

* A foot of this wire weighed M3 grains, a fi»ot of the ofiier 6-7 grains. 
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len^hs and equal weights nf wire of platinum^ one round and 
one flattened by bein^ passed transversely through rollers so as 
to have six or seven tinges the surface^ were compared as to con- 
ducting powers ; the flattened wire was the best conductor in 
air from its greater cooling powers, but in water ho difference 
could be perceived between them. 

VI. 1 tried to make a comparison between the conducting 
powers of fluid menstrua and charcoal and those of metals. Six 
inches of platinum foil, an inch and one-fifth broad, were placed 
in a vessel which could be filled with any saline solution : and 
a similar piece of platinum placed opposite at an inch distance ; 
the whole was then made part of a voltaic circuit, which had 
likewise another termination by silver wires in water : and solu- 
tion of salts added, till gas ceased to be liberated from the nega- 
tive silver wire. In several trials of this kind it was found that 
the whole of the surface of six inches, even with the strongest 
solutions of common salt, was insufficient to carry off the elec- 
tricity of even two pairs of plates ; and a strong solution of 
potassa carried off the electricity of three pair of plates only ; 
whereas an inch of wire of platinum of 1-^29 (as has been statedj 
carried off all the electricity of sixty pair of plates. The gas 
liberated upon the surface of metals when they are placed in 
fluids, renders it impossible to gain accurate results : but the 
conducting power of the best fluid conductor, it seems probable 
from these experiments, must be some hundreds of thousand 
times less than those of the worst metallic conductors. 

A piece of well-burnt compact boxwood charcoal was placed 
in the circuit, being 3-lOth of an inch wide by 1-1 0th thick, 
and connected with large surfaces of platinum. It was found 
that one inch and 9- 10th carried off the same quantity of elec- 
tricity as six inches of wire of platinum of 1-220. 

VII. I made some experiments with the hope of ascertaining* 
the exact change of ratio of the conducting powers dependent 
upon the change of the intensity and quantity of^ electricity ; but 
I did not succeed in gaining any other than the general result, 
that the higher the intensity of the electricity, the less difficulty 
it had in passing through bad conductors ; and several remark- 
able phenomena depended upon this circumstance. 

Thus, in a battery when the quantity of electricity is very 
great and the intensity very low, such as are composed of plates 
of zinc and copper, so arranged as to act only as single plates 
of from twenty to thirty-feet of surface each, and charged by a 
weak mixtiure of acid and water. Charcoal made to touch only 
in a few points, is almost as much an insulating body as water, 
and cannot be ignited, nor can wires of platinum be heated when 
their diameter is less than 1 -80th of an inch, and their length 
three or four feet ; aud a foot of platinum wire of 1-50 is 
scarcely heated by such a battery, whilst the same length of 
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S&met& Is made red hat t «»il the Btaae 
wires of platanum or iron are intmtely heated. 
^ produced where electricity of considerable intensity 

ji'lttiied IlircKigh condactorsy mftst always interfere with the 
dhtiHt^kiiowledge of the flanges of their conductii^ powers, as 
U |Mxived by the fidlowiaff experiment I'-^A battery of twenty 
fMuor of plates of einc, and copper plates ten inches by six, was 
vc^ highly charged with a intxtureof vitriolic acid and water, so 
as to exhibit a consid^able intensity of electric^ action, and the 
relative conducting process of silver and platinum in air and 
wafe^ ascertained by means of it. In air, six inches of wire of 
pls^nam of one-eightieth, discharged dnly four double plates, 
Wlulst six inches of silver wire of the saiie diameter, discharged 
^ whole combination, the platinum was'^strongly ignited in Siis 
ej^j^ertment;, whilst the silver was scarcely warm to the touch. 

cooling the platinum wire by placing it in water, it was 
fbund to discharge tea double plates. When the intensity of the 
olcc^idty is very high, however, even the cooling powers of fluid 
media are of very little avail : thus, 1 And, that flne wire of 
platinum was Aised by the discharge of a common electrical 
hatt^ under water : so that the conmicdng power must always 
he diniiiiislied by the heat generated, in a greater proportion as 
the iiitendty of the electricity is higher. 

^ might at first view be supposed, that when a conductor 
pliubed in the circuit, lefit a residuum of electricity in any battery, 
int^ease of the power of the battery, or of its surface, would not 
it to carry through any additional quantity. This, how- 
is ^ finm being the case. 

solutions were placed in the circuit^f a battery 
of iwenl^ plates, though they discharged a very small quantity 
ui^4»f &e electficity, when the troughs were only one quarter 
^ their chemical decom|K>sttion exhibited the part of a 

huger qnantity passing through them, when the cells were 
with fliiM. 


AiEid a similar circumstance occurred with respect to a wire of 
platmaffl, of such a length as to leave a considmble residuum 
in a battery, when only half its surface was used : yet when 
the whc^ surface was employed, it became much b^ter, and 
^nmcthelew left a etill more considerable residnum* 



1 found Itmg agp, that in increaatflg the numhir of 
of similar phitlm, the quantity of eikmicity semued 
as the number, at least as fiw as it could be |ii%ed 
esflhcts <ji heat upon wiries ; but oidy within certain 
^^-^^•whidti €be number appeared to diminish, rather 
flbe quantity. imo thousand double 

l^mdoh Inslitutioii, wlum arranged as one batt^» 
so much wire ««r a aNfle li^iteiy of two plates 
copper. 
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' It" it Acit ^aiy to '''^BNb«s#ilil^ 

the rmptiiity m motion of the 

dtmmfshed attraction Ibr the hQal^oii%iim And 

doe» this attmcticni become km ki f ir o p o c t iow ea tte eitonit 
through which k passes, or m which it k mtnmrmimdj . a 
greater number of alternatioiis of bad con&ctors? , 

Mr. Chiidrenj in his account of the expeiiipe&ts nu^ wiA 
his battery of large plates, has ingeniously referred 
produced by the passage of electrlci^ through conductecsi tet 
be resistance it meets ^^h, and has tuppo^, whatprov^to 
the fact, that the heat jf in some inverse r^o to t^ conductu^ 
power. The greatest Imt, however, is produced in air, where 
tliere is reason to suppose the least resistance ; and as the pre- 
puce of beat renders bodies worse conductors, another view mi^ 
be taken, namely, that the excitation of heat occasions the hn* 
perfections of the conducting power. But till the causes at 
iieat and electricity are known, and of that peculiar constitution 
of matter which excites the one, and transmits or propimatm 
the other, our reasoning on this subject diusl be incondusive.*> 


I found that when equal portions of wire of the same dhimesf 
ter, but of different metals, were connected together in 
circuit of a powerful voltaic battery, acting a^ two furfiKi^ 
the metals were heated in the following order : — ^iron most, 
palladium, then platinum, then tin, then zinc, then gold, 
lead, then copper, and silver least of all. And from one expe* 
riment, in which similar wires of platinum ^d silver joined in 
the sa'<pe ciy:utt, were placed in equal portions of oil, it appeiu^ 
that the generation of heat was nearly as their conducting pcwmr. 
Thus the silver raised the tem]:^ratiire of the oil, only^b^ de* 
grees, whilst the platinum raised it twenty-two^ The seine 
relations to heat seem to exist, whatever is the intensity uf 
electricity ; thus circuits of wires placed under w^er, and eeted 
on by the common electrical discharge, were heated injthe same 
order as the voltaic battery, as was shewn by their 
fusion ; thus iron fusing before plattnam, plstiniiin 
and so on. ■. , 


If a chain be made of wire of platinum and silver, in 
links soldered together, the silver wire beiiig 
the diameter of the platinum, and placed a 
cirenit, the silver links are not sensibly heated, wSH^ all thorn 
of the platinum become intensely and ec^ually ignited. » .^This » 
an important experiment for investigating the 
if heat be supposed.a aubstanoe, it capnot be ^ ^ 

expelled from the platinum,, because anttnlimked qmvbtity xday 
be generated ftom the same platinum, i. e. as Iosy as 
tricity is excited, .or «s often as lt.is renew^ . Cfr if it k 
posed to be idendedl with, or ^ element ofj 
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to bear some relation to its quantity, and might be expected to 
be tbe same in every part of the chain, or greatest in those 
parts nearest the battery. • 

IX. The magnetism produced by electricity, though with.the 
same conductor, it increases the heat, as I mentioned in my last 
paper, yet with different conductors I find it follows a very 
different law. "J’hus, when a chain is made of different con- 
ducting wires, and they are placed in the same circuit, they all 
^ exhibit equal magnetic powers, and take up equal quantities of 
iron filings. So that the magnetism seems directly as the quan- 
tity of electricity which they transmit. And when in a highly 
powerful voltaic battery, wires of'the same diameter and length, 
but of which the best conducting is incapable of wholly dis- 
charging the battery, are made, separately and successively, to 
form the circuit, they take up different quantities of iron filings, 
in some direct proportion to their conducting powers. 

Thus, in one experiment, tw'o inches of wire of one-thirtieth 
of an inch being used, silver took up thirty-two grains, copper 
twenty-four, platiilam eleven, and iron eight and two-temhs. 


On the Electrical Phenomena exhibited in f’acuo. P.y Sir Hum- 
phry, Bart.; P.R.S. 

From the Phil. Trans, for 1822, IM. 

The production of heat and light by electrical discharges ; 
the manner in which chemical attractions are produced, des- 
troyed, or modified by changes in the electrical states of bodies ; 
and the late important digeovery of the connexion of magne- 
tism with electricity, have opened an extensive field of enquiry 
in physical science, and have rendered investigations concern- 
ing the nature of electricity and the laws by which it is go- 
verned, and the properties which it communicates to bodies, 
much more interesting than at any former period of the history 
of philosophy. 

Is electricity a subtile elastic fluid ^ or are electrical effects 
merely the exnibition of the attractive powers of the particles 
of bodies ? Are heat and light elements of electricity, or merely 
tbe effects of its action } Is magnetism identical with electri- 
or an independent agent, pot into motion or activity by 
■^iEiectricity ?. Queries of this kind might be considerably mul- 
tiplied, and stated in more precise and various forms : the sola- 
tia of them, it must be allowed, is of the highest importance : 
and some persons have undertaken to answer them in 

tboioosft positive manner, yet there are, I believe, few sagacious 
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rea§oners, who think that our present data are sufficient to ena- 
ble us to decide on such very abstruse and difficult parts of 
corpuscular philosophy. , 

It api^earcd to me an object of considerable moment, and one 
intimately connected with all these enquiries, the relations oj 
dccliidty to space f as nearly void of matter as it can be made 
on the surface of the earth ; and, in consequence, I undertook 
some experiments on the subject. 

It is well known to the Fellows of this Society who have 
considered the subject of electricity, that Mr. Walsh believed 
that the elcctrmal li^ht was not producible in a perfect Torri- 
cellian vacuum : and that Mr. Morgan drew the same inference 
from his researches : and concluded that such a vacuum pre- 
vented the discharge of coated glass. Now it is well known, 
that in the must perfect vacuum that can be made in the torri- 
cellian lube, vapour of mercury, though of extremely small 
density, exists ; I could not help, therefore, entertaining a doubt 
as to the perfect accuracy of these results, and I resolved not 
only to examine them experimentally, bi^t likewise, by using a 
comparatively fixed ni(*Uil in fusion for making the vacuum, to 
exclude, as far as possible, the presence of any volatile matter. 

The a])paratus that I employed was extremely simple, 
and consisted of a curved glass tube with one leg closed and 
longer than the other. In this closed leg a wire of platinum 
was hermetically cemented, for the purpose of transmitting the 
electricity : or to ascertain the power of the vacuum to receive 
a charge, it was coated with foil of tin or platinumi The open 
end, when %he closed leg had been filled with mercury or any 
other metal, was exhausted either by being placed under the 
receiver, or connected with the stop cock of an excellent air 
pump : and in some cases, to cn.sure greater accuracy, the ex- 
haustion was made after the tube and apparatus had been filled 
with hydrogen.* 

Operating in this way, it was easy to procure a vacuum either 
of a large or a small size, for the rarified air or gas coujd be 
made to balance a column of fluid metal of any length, from 20 
inches to the 2,0th of an inch, and by using only a small quan- 
tity of metal, it could be more easily purged of air. 

I shall first mention the results I obtained with quicksilver* 
I found that by using recently distilled quicksilver in the tubes, 
and boiling it in vacuo six or seven times from tbe top to the 
bottom, and from the bottom to tbe top,^ making it vibrate re- 
peatedly by striking it with a small piece of wood, a column 
was obtained in the tube free from the smallest particle of air : 
but a phenomenon occurred, in discovering the causes of which 

* The figure near the end of this article will best explain the I’onn of the 
iipparatos. 
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I had a great deal of trouble. When 1 used a short tube of 
four or five inches long only, I found, that after continued 
boiling and much agitation of thje mercury, though there was 
no appearance of elastic matter, when the mercury adhered 
strongly to the upper part ot the tube, yet that, after electri- 
zation, or even on suffering the mercury to pass slowly back 
into the closed part, a minute globular space sometimes ap- 
peared : I thought at first that this was air, which, though so 
highly rarefied, as it must have been by the exhaustion, adhered 
to the mercury : and I endeavoured by long boiling the mer- 
cury in an exhausted dcAihle syphon, and making the vacuum in 
one of the curves, to prevent entirely the presence of air : but 
the phenomenon always occurred when there was no strong ad- 
hesion of mercury to the glass. 7'his, and another circumstance, 
namely, that when tlie leg in which the torricellian vacuum was 
made was 15 or Id inches long, the phenomenon was very 
varely perceptible, and always disappeared wdien the tube was 
inverted, and the mercury made to strike the top with some 
force, led me to conclude that the minute space was really filled 
with the vapour of mercury : the attraction of the particles of 
the fluid mercury for each other preventing their actual contact 
with the glass, except when this contact was forcibly made by 
mechanical means : and I soon proved that tins w as the ease ; 
for by causing the mercury, wlien its column was short, to 
descend into the more perfect from the less perfect vacuum, 
with more or less velocity, I could make the space luoro or less, 
or cause its disappearance altogether, in which last case the 
cohesion between the meicury and the glass was always ex- 
tremely strong. • 

I found that in all cases when the mercurial vacuum wa.s 
perfect, it was permeable to electricity, and was rendered lumi- 
nous by either the common spark, or the shock from a Leyden 
jar, and the coated glass surrounding it became charged : but 
the degree of intensity of these phenomena depended upon the 
temperature : w hen the tube was very hot, the electrical light 
appeared in the vapour of a bright green colour, and of great 
density ; as the temperature diminished, it lost its vividness ; 
and when it w'as artificially cooled to 20^ below zero of Fah- 
renheit, it was so faint as to require considerilble darkness to 
be perceptible. 

The charge likewise communicated to the tin or platinum 
foil was higher the higher the temperature ; which, like the 
other phemjtnenon, must depend upon the different density of 
the vapour of mercury ; and at O® Fahrenheit it was very 
feeble indeed. 

A very beautiful phenomenon occurred in boiling the mer- 
cuiy in the exhausted tube, which shewed the great brilliancy 
of the electrical light in pure dense vapour of mercury. In 
the formation and condensation of the globules of mercurial 
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vapour, the electricity produced by the friction of the mercury 
aprainst the. glass, was discharged through the vapour with 
sparks so bright as to be visible in daylight. 

In all cases when the minutest quantity of rare air was intro- 
duced into the mercurial vacuum, the colour of the light pro- 
duced by the passage of the electricity changed from green to 
sea-green ; and, by increasing the quantity, to blue and purple ; 
and when the temperature was low, the vacuum became a much 
better conductor. 

'I tried tr# get rid of a portion of the mercurial vapoqr, by 
using a difficnltly fusible amalgam of mercury and tin, which 
was made to crystalize by cooling in tlie tube ; but the results 
were precissely the same as when pure mercury was used. 

I tried to make a vacuum above the fusible alloy of bismuth, 
but I ftjund it so liable to oxidate and dirt the tube, that I soon 
renounced farther attempts of tin's kind. 

On a vacuum above fused tin I made a number of experi- 
ments ; and by using freshly cut pieces of grain tin, and fusing 
them in a tul^e made void after being filled with hydrogen, and 
by long-continued heat and agitation, I Jiad a column of fused 
tin which appeared entirely fVee from gas ; yet the vacuum 
made above this, exhibited the same phenomena as the mercu- 
rial vacuum. At temperatures below 0^, the light was yellow, 
and of the palest phosphorescent kind, requiring almost .abso- 
lute darkness to be perceived; and it was not perceptibly in- 
creased by beat. 

I made two experiments on electrical and magnetic repulsions 
and attractions in the mercurial vacuum, by attaching to the 
platinum Myre two hne wires in one case of platinum, in the other 
of steel, terminated by minute sphericles of the same metals : 
I found that they repelled each other when the wire was elec- 
trified in the most perfect mercurial vacuum, as they would 
have done in usual cases : and the* steel globules were as obe- 
dient to the magnet as in air : which last result it was easy to 
anticipate. 

In some of the first of these experiments, I used a wire for con- 
necting the mercury, or the tin in the tube, with the stop-cock ; 
but latterly the rarefied air or gas was the only chain of com- 
itiu4ileation : mid this circumstance enabled me to ascertain that 
the feebleness of the light in the most perfect vacuum was not 
owing merely to a smaller quantity of electricity passing through 
it, for the same discharge which produced a faint green light in 
the upper part of the tube, produced a bright purple light in 
the lower part, and a strong spark in the atmosphere. 

The boiling point of pure olive oil is not much below that of 
mercury : and the butter or chloride of antimony (antimonane) 
boils at about 380® Fahrenheit. I tried both these substances 
in the vacuum, and found, as might be expected, that the light 
produced by electricity passing through the vapour of the 
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chloride, was much more brilliant than that produced by it in 
passing through the vapour of the oil ; and in the last it was 
more brilliant than in the vapour of mercury at common tem- 
peratures : the lights were of different colours, being of a pure 
white ill the vapour of chloride, and of a red, inclined to purple, 
in that of oil ; and in both cases permanent elastic fluid was 
produced by its transmission. 

The law of the diminution of the density of vapours, by 
diminution of temperature, has not been accurately a certained: 
but fhave no doubt from tlie experiments of Mr. Dalton, and 
some I have made myself, that it is represented by a geometri- 
cal progression ; the decrements of temperature being in arith- 
metical progression,* the ratio seemed nearly uniform for the 
same number of degrees below the boiling point ; and (taking 
intervals of 20"* of tem])cruture) (i. Upon tliis d.itiiin, 

and considering the boiling points of mercury to be that 

of oil 640'^', that ol' the chloride of antimony .Md , ami that of 
tin SOOO"-’ rdl above and the ( lastie force (*f vajrour of 

water at this tcmpc.rature to be cipial to raise by its })rcssiirc 
about .4 j parts of an inch oi'mi'rcury ; the relative strengths of 
vapour will be, for mercury OfiOOijfild, for oil OOHiSlf), lor 
chloride of antimony and for tin .>701o, ])iTcedcd by ts 

zeros.t 

It is not known whether the vapour from solids follows a 
similar law of progression ns that from fluids, and these num- 
bers are only given to show ho\v minute the quantity of matter 
must be in vapour whore its effects are distinct upon electrical 
phenomena: and how much more minute it must 1^* in the cast^ 
of mercury artificially cooled : and aimost beyond imagination 
so in vapours from substances requiring very elevated tempera- 
tures for their ebulition. 

I made some comparntive experiments to asci'rtain whether 
below the freezing point of water, the temperature of the torri- 
cellian vacuum diminished llie power of transmitting electri- 
city, or of being rendered luminous by it. To about 20^ this 
appeared to be the case ; hut between 20“ above and 20*^ 
degrees below zero, the lowest tenrperature I could p^ducc 
by pounded ice and muriate of lime, it seemed statSBtary : 
and as well as I could determine, the electrical jihenoincna 
were nearly of the same intensity as those jiroduccd in the 
vacuum above tin. 

Unless the electrical machine was very active, no light was 
visible during the transmission of the electricity ; but that this 
transmission took place, was evident from the luminous ap- 


* cbloi’ide of jdiohjihorus, and alculiul or carbin'ot oi fiulpliur/ 

f I am obliged to Charles Balbnur, Esq., F.K.S., for (hose catcuhttlons. 
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j>earance of the rarified air in the other ])arts of the syphon, 
and from the diminution of the repulsion of the ball of the 
cpiadrant electrometer attached to the prime conductor. When 
the machine was in fifrcat activity, there was a pale phospho- 
rescent light above, and a spark on the mercury below, and bril- 
liant light in the common vacuo. A I.eyden jar charged 

could not be made to transmit its electricity by explosion through 
the cooled torricellian vacuum, but this was slowly dissipated 
through it ; and when strongly charged, the spark passed 
through nearly as much space as in common air, and with a 
light visible in the shade. At all temperatures below 200®, the 
mercurial vacuum was a nuich %vorse conductor than highly 
i-arefied air ; and when the tube containing it was included in 
tin* (‘xhausted receiver, its temperature being about oO'^, the 
spark passed through a ciistance of six times greater in the 
lioyleau than in the mercurial vacuam. 

It is evident from these general results tliat llie light (and 
probably the heat) generaUal in electrical discharges depends 
principally on some properties or suhst.yic^s belonging to the 
ponderable matter through which it passes: but they prove 
likewise that space, where there is no appreciable quantity of 
tins matter, is ca]uible of exhibiting electrical phenomena: and, 
under this point of view, they arc favo\n*able to the idea of the 
]»heuomviia of electricity being produced by a highly subtile 
fluid or fluids, of whicli the particles are repulsive, witli respect 
to each other, and attractive of the p:irticle^ of other matter. 
On such an abstruse question, however, there can be no demon- 
strable evic^encc. It may be assumed, as in the hypothesis of 
flooke, Huygens, and Euler, that an ctherial matter, suscepti- 
ble of electrical afTections, fills all space ; or that the positive 
and lU'g.itive electrical states, ma 3 »^ increase the force of vapour 
from the substances in which they exist : and there is a fact in 
favoi of this last idea which I have often witnessed — when the 
voltaic discharge is made in the Boylean vacuam, cither from 
platinum or cliarcoal, in contiict witli mercury, the discharging 
surfaces require to be brought very near in the first instance ; 
but the electricity afterwards may bo made to pass to consider- 
able .distances througli the vapour generated by the mercury 
tir charcoal by its agency ; and when two surfaces ot highly 
fixed metal, such as platinum or iron are used, the discharge 
will pass only through a very small distance, and cannot be per- 
manently kept up. 

The circumstance, tliat the intensity of the electrical light in 
the mercurial vacuum diminishes as it is cooled to a certain 
point, when the vapour must be of infinitely small density, and 
is then stationary, seems strongly opposed to the idea, that it is 
owing to any permanent vapour, emitted constantly by the mer- 
cury. The results with tin must be regarded as more equivocal : 
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because as this substance cannot be boiled in vacuo, it may 
always be suspected to have emitted a small (piantity of the 
rare air or gas to which it has been exj)osed ; yet supposing 
this circumstance, such gas must at least be as highly expanded 
as the va])our from cooled mercury, and can hardly besu]>posed 
capable of affording the dense light, wliich the passage of the 
electricity of the Leyden phial through the vacuum produces. 

When the intense heat produced by electricity is considered, 
and the strong attractive powers of differently electrified sur- 
faces, and the rapidity of the changes of state, it does not seem 
at all improbable, that the superficial particles of bodies, which, 
when detached by the repulsive power of heat, form vapour, 
may he likewise detached by electrical jiowers, and that they 
may produce luminous a]>]iearanccs in a vacuiini, free from all 
other matter, by the annihilation of their opposite electrical 
states. 

In common cases of electrical action, .the quantity of heat 
generated by the annihilation of the different electrical states, 
depends, as I slated in my last communication to the society, 
upon the nature of the matter on wdiich it acts ; and in cases 
when electrical sparks are taken in fluids, vapour or gas is 
alw'ays generated; and in elastic fluids, the intensity of the 
light is always greater, the denser the medium. The luminous 
appearances therefore, it is evident from all the statements, 
must be considered as secondary : whilst the uniform exertions 
of electrical attractions and repulsions, under all circumstances, 
in rare and dense media and vacuo, and with respect to solids, 
fluids, and gases, point them out (whether they be specific affec- 
tions of a subtile imponderable fluid, or peculiar properties of 
matter) as primary and invariable electrical phenomena. 

I have mentioned in the last page the suspicion, that melted 
tin may contain air. I shall conclude this paper by stating the 
grounds of this suspicion, and noticing a circumstance which 
appears to be of considerable importance, both in relation to the 
construction of barometers and thermometers, and to the ana- 
lysis of gaseous bodies. Recently distilled mercury that has 
been afterwards boiled and cooled in the atmosphere, and which 
presents a perfectly smooth surface in a barometer tube, emits 
air when strongly heated in vacuo, and that in quantities suffi- 
cient to cover the whole interior of the tube with globules ; and 
on keeping the stop cock of one of the tubes used in the ex- 
periments on the mercurial vacuum open for some hours, it was 
fband that the lower stratum of mercury had imbibed air, for 
when heated in vacuo, it emitted it distinctly from a space of a 
quarter of an inch of the column ; and its production ceased at 
about an inch high in the tube. There is great reason to be- 
lieve, that this air exists in mercury in the same invisible state 
MS in water, and is distributed through its pores ; and the fact 
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shows the necessity of long boiling the mercury in the baro- 
meter and thermometer tubes, and the propriety of exposing as 
small a surface of the mercur)^ as possible to the air. It may 
explain, likewise, the difference of the height of the mercury 
in different barometers ; and seems to indicate the propriety of 
rc-botling the mercury in these instruments after a certain lapse 
of time. 



A The tu\je of the usual diameter. 

B The wire for communicating electricity. 

E A small cylinder of metalic foil, to place as a cap on tubes 
not having the wire B, to make a coated surface.*" 

C The surface of the quicksilver, or fused tin. 

D The part of the tube to be exhausted by the stop cock F, 
after being filled by means of the same stop cock, when neces- 
sary, with hydrogen. 

G The moveable tube connected with the air pump. 

It is evident that by introducing more mercury, the leg D 
may be filled with mercury, and the stop cock closed upon it, 
so as to leave only a tnrricellian vacuum in the tube, in which 
the mercury may be boiled. I have found that the experiment 
tried in this way offers no difference of result. 


Not in the figure. 
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Connected with the theory of respiration and of animal lieat 
there are many questions of interest respecting tlie blood, about 
which physiologists differ in opinion, and which consequently 
are ht subjects for further inquiry. 

Some of the more important and fundamental of these que.s- 
iions I have endeavoured to investigate experimentally, and in 
the present communication I propose to submit to the ftoyal 
Society the results which I have obtained, with the hope that 
they may be considered not unwortliy of a place in the Philoso- 
phical transactions. 

I. Is blood capable of absorbing oxyg;e7i independent of puirc* 
faction ? 

To endeavour to satisfy myself on this point, on which in a 
former enquiry I had arrived at a negative conclusion in oppo- 
sition to the commonly leceived opinion, I have employed tw o 
methods of experimenting ; one, of agitating blood, recently 
drawn and rapidly cooled in common air and in oxygen, in a 
tube of the capacity of two cubic inches, divided into a hun- 
dred parts ; the other, of agitating it in larger quantities, with 
the same airs, in the very convenient a]q)aratus employed by 
Dr. Christison, when engaged in a similar inquiry, consisting 
of a double tubulated bottle of the capacity of thif ty-two cubic* 
inches, provided with stop-cocks atlapted by grinding, to one 
of which a moveable bent glass tube was fitted to connect it 
with a pneumatic trough, and to the other a perpendicular tube' 
surmounted by a funnel. 

The blood subjected to experiment in every instance was pre- 
pared by the displacement of its fibrin. This was done by 
agitating it with small pieces of sheet-lead in a bottle filled to 
overflowing and closed with a cork, enveloped in moist bladder 
and covered over with the same, tied round the neck of the 
bottle, so as to exclude atmospheric air, whilst in the act of 
coagulating and of cooling, and to allow, when cooled, of the 
withdrawal of the cork. 

Prepared thus, and rapidly cooled, 1 have tried different 
specimens of blood, venous and arterial, of Man, of the Sheep, 
Ox, Dog and Cat ; and the results, when the blood has been 
taken from a healthy .animal, have been decisive and consistent. 
In every instance, whether atmospheric air or oxygen was used, 
after agitation, there was a marked diminution of the volume 
of air. 
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In the examples which it may be advisable to bring forward, 
1 shall confine myself to a few of the experiments I have made 
on the blood of the Sheep. 

Using the graduated tube over mercury, sixty-tw’o measures 
of arterial blood from the carotid artery, agitated with thirty- 
three measures of common air, produced a diminution of two 
measures ; and sixty-three of the same arterial blood, agitated 
with thirteen of pure oxygen, a diminution of three ; whilst 
sixty-three of venous blood from the jugular vein of the same 
animal, agitated with thirty-three of common air, produced a 
diminution of six ; and seventy of this blood, with thirteen of 
oxygen, a diminution of eight.* 

In experiments on a larger scale, using the double-mouthed 
bottle, in which about ten cubic inches of blood were agitated 
with about twenty-two cubic inches of air, the results were in 
accordance with the preceding. Thus when the arterial blood 
of the Sh<‘e[> was agitated w ith common air and with oxygen, 
on turning the stop-«ock of the bent tube there was an absorp- 
tion ill one instance of about *3 cubic inch, and in the other of 
abtmt *4 cubic inch ; ?liid, with venous ITlootl, in the instance 
of common air, of about 1 * cubic inch, and in that of oxygen, 
of about 1*25 cubic inch. 

These experiments were all made on the blood of the same 
animal. In experiments on the blood of different individuals 
of the same species of animal, and on the blood of animals of 
different species, the results have varied in regard to the degree 
of absorption, and remarkably so in the instance of the blood 
of man. 

• 

In every instance the absorption or disappearance of a portion 
of the air has been attended with some change in the colour of 
the blood ; the venous has invariably acquired the florid Ver- 
million hue of arterial blood, and the arterial has had its florid 
hue heightened. 

The air that has been absorbed or which disappears, when 
atmospheric air has been used, in accordance with the commonly 
received opinion and the results of Dr. Chuistison's experi- 
luentst, has been found to be oxygen. 

Relative to the residual air, when pure oxygen has been used, 
whether on the smaller or larger scale of experiment, no car- 
•bonic acid gas has been detected in it in the most carefully 

• Notwithstanding the frotliiug attending the agitation of blood in air, 
the ahsoiption or diminution of volume was ascertained with tolerable ac- 
curacy by observing the rise of the mercury in the tube. The experiments 
wore made as nearly as possible under ordinary atmospheric pressure, whicJi 
was easily effected, as the mercurial pneumatic trough used exceeded in 
depth the length of the tube. 

f Edinburgh Medical and Surgical Journal, vol, xxxv. p. 
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conducted trials. When common air has been employed, then 
a trace of this acid gas has been found in the residual air after 
agitation with the blood, but not exceeding one per cent, at a 
temperature between 40^ and 5C>°. I sliall notice in detail an 
experiment with each, as the results are of consequence. 

Ten cubic inches of venous blood (its fibrin displaced) from ^ 
the jugular vein of a sheep, rapidly cooled, were agitated in 
twenty-two cubic inches of oxygen gas, which had bec?n well 
washed with lime-water. After an absorption equal to about 
one cubic inch, some of the gas was expelled and ])as^cd i»Uo 
lime-water, the transparency of which it did lUit in the slightest 
degree impair. 

The same quantity of similar blood was similarly treated wiiii 
common air, which also had been washed with lime-water. 
After an absorption equal to about one cubic inch, sou.e of the 
air was passed into lime-water : it occasioned a just })erceptible 
cloudiness ; and eighty measures of it agitated with lime-water 
were reduced hardly to 79 *5. 

Taking it for granted that this very minute (juaiitity of car- 
bonic acid derived fioni the blood exited in the sUite of gas, 
and not contained in the aqueous vapour, as is possiblt*, it is 
matter for consideration from whence it was derived, — whether 
it was formed at the moment by the action of the air on the 
blood, or, previously «existing in the blood, was now merely ex- 
pelled. Further on 1 propose to return to this important 
question. 

When 1 reflect on the rc'suhs stated abo\e relative to the ab- 
sorption or disappearance of oxygen, and compare them w ith 
those alluded to formerly obtained, I am not a lihle surprised 
at their discrepancy ; an^l I can only account for it by suppo- 
sing that it may have been owing in part to the dilference of 
season when the two sets of experiuients were conducted. I'he 
first were made in Malta in IbSq, in the hot months of July 
and August, when the ihertnomeler in the open air was gene- 
rally abov« 80*^ and occfisionally, above The last have 

been made in England, and principally in January of tlic pre- 
sent year, when t^e temperature of atmosphere w as occasionally 
low, the greater part of the time below the freezing point, and^ 
often as low as 20'^. From what I have witnessed, I am in- 
duced to infer, that the higher the atmospheric temperature is, 
and the less necessity there is for the production of animal heat, 
the less difTercnce there is betw’een venous and arterial blood, 
and the less power the former has of combining with oxygen, 
and of forming or evolving carbonic acid. In Malta I carefully 
compared the blood of the jugular vein and carotid artery of a 
sheep during the season mentioned ; when congulated and still 
hob there was no perceptible difference in their colour ; in each 
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it was U'ss florid than the arterial blood of the same animal in 
En^»land in winter, and less dark than the venous: its hue was 
as it were a mixture of the two. And in this observation 1 
could rot be uiisiaken ; the circumstances under which it was 
made precluded mistake ; vessels of the same size were used ; 
similar quantities of blood were introduced, and they were seen 
in the same light side by side. And in confirmation of tliis 
vievv I may remark, that during the last winter, when the cold 
was unusually se vere, I found the temperature of deeply seated 
parts, and especially of the heart and its left ventricle, in the 
instance of sheep, unusually high : the mean of nine observa- 
tions on ihe tem|»crature of the left ventricle in different animals 
was lOT o ; the lowest was 105*5 : the highest lO.O*; vvliilst the 
temperature of the rectum (the mean of the same number of 
observations) was 104*4. 

H. Do‘ .s the hhxui^ expctinfhf venons blood, cent ain carbonic 
acid capable of being expelled hif agitation n ith another gas, 
such as ht/drogen or ojcifgcn ? 

In a paper piddiShed in the Philosophical Tiviiisactions for 
1 S:i2, Dr. Stevkns has answ'cred this^qu^'stion in the aflirma- 
tivG : lie maintains that carbonic acid gas exists in venous blood ; 
that it may bo expelled by oxygen or by hydrogen, although 
not by the air-pump ; and he supposes that the difi'erence of 
effect is owing to a peculiar attraction for carbonic acid exercised 
by these gases. 

To endeavour to resolve my doubts on this important point, 

I liave had recourse to the apparatus already mentioned, viz. 
the graduiited tube wdth the mercurial pneumatic trough, and 
tile doul^e-mouthcd bottle furnished with stop-cocks, &c. as 
being W'eU atlapted for simple and decisive experiments. 

By means of the graduated tube I have agitated venous blood 
in hydrogen over mercury, as about a cubic inch of each, and 
other jjnqiortions, and have left the blood exposed to the in- 
fluence of the gas for several hours ; and I have made similar 
trials with it, using larger quantities in the double-mouthed 
bottle, as sixteen cubic inches of each, and also other proportions; 
the results have been either of the same negative character, or, 
if different, indicating only the disengagement of carbonic acid 
was in an extremely minute quantity. In all the experiments 
with the graduated tube in which fresh blood was used, w'hether 
of man or of the sheep, the fibrin disjdaced out of the contact 
of the air, on agitation with hydrogen, there was no sensible 
increase of the volume of the gas, and no diminution of it when 
it was transferred to, and shaken with, lime-water. And in the 
best experiments, on a larger scale, with the double-mouthed 
bottle, when the most attention was paid to all the circumstances 
likely to insure accuracy, as in the first instance the exclusion 
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of air from the blood, and in the second the havin/^ it of the 
temperature of the bottle and of the room, the results have been 
similar, and of a negative character. I shall describe a small 
number of experiments, those, tbe results of which appeare<l 
least ambiguous. 

Seven cubic inches of sheep’s blood from the jugular vein, 
its fibrin broken up by agitation with lead whilst coagulating, 
out of contact with air, and cooled under water, were agitated 
with hydrogen (twenty-five cubic inches), previously well 
washed with lime-water, anti which, tested by lime-water, after 
this precaution were found perfectly fret^ from carbonic acid. 
On turning the stop-cock of the bent tube connected with dis- 
tilled w’atcr, no change of volijine was indicated, and the blood 
Wfis agitated again with the same result. By means of the per- 
pendicular tube distilled water was admitted, and some oi‘ t!u‘ 
gas expelietl ; first a cubic inch into a graduated tube filled w ith 
linie-w-^ater, and next about four cubic inches into a vial filled 
wfith distilled water, and in which afterwards a little lime-water 
w’as added to the gas ; in neither could any traces cd* carbonic 
acid be detected ; the lime-water reuiainetl transparent. 

Ten cubic inches of venous blood, taken liy a large orifict' 
from the arm of a young man threiitened with htemoptysi^., the 
fibrin broken up in the same manner as the last, and rapidly 
cooled vinder w’ater in a running stream to the temperature of 
the room, 51*^, were similarly treated with hydrogen, and with 
precisely the same re.sult ; after having been twice well shaktai, 
on turning the stop-cock, there was i\o change f*f volunu*. 'fhe 
blood was kept in contact with the hydrogen over night, the 
stop-cocks clo.sed. I’he night, that of the 1* rd o^ .ranuary, 
was severely cold ; at 11 o’clock the following morning the 
temperature of the room was only >5^ ; now on turning the 
stoj>-cock of the bent tube the water ruse in it to tlie extent of 
about one-eighth of a cubic inch 

Twenty-four cubic inches of the mixed arterial and venous 
blood of the shee[>, collectetl jmd prepared with similar precau- 
tions, were divided into two portions of about twelve cubic 
inches ; one was agitated in the double-mouthed bottle with 
hydrogen after the introduction of a little milk of lime, the 
other without this addition. The result in each instance was 
the same ; on opening the stop-cock, after the agitation, the 
water rose a very little in the bent tube, about one-tw'entieth of 
a cubic inch. * 

The results of some of tlie trials already described on the 
action of oxygen on venous blood, both pure and mixed with 
azote, in the form of common air, are very consistent with those 
just detailed on hydrogen. Previously to stating some other 
results HI quest of fresh evidence on the same subject, it may be 
advisable to notice particularly the power which blood possesses 
qfc absorbing carbonic acid. 
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From experiments which T made on blood and serum in 1824 
anti 1 S28,* I inferred that each is capable of absorbing about 
ail equal volume of this acid gas. I now find that when pure 
carbonic acid gas is brought^in contact with blood or scrum 
over mercury, and moderately agitated under ordinary atmos- 
pheric pressure, that the absorption of gas exceeds the volume 
of the fluid, both in the instance of blood and serum. The 
rt'sults of some experiments are exhibited in the following 
table. The majority of them were obtained between a temper- 
ature <»f 40*^ and ; the three last at about .51°. When the 
venous and carterial blood, and the serum tried, were from the 
same animal, the numbers expressing the results are entered in 
the same line. 

/Wmwic c)f ciirhunic acid ^as ahsorhed in lOO pai ts of blood n?id 



Animal. 

Venous 

blood. 

! Venous 
i serum. 

Arterial 

blood. 

Arterial 

serum. 


Slieep . . 

HU) 


•IG7 



Sheep. . 

1 55 




a 

Shtsep . . 



133 


i 

Sheep . . 

1-12 




.5 

Sheep. . 



150 


6 

Sh<n'j> . . 

ioG 




7 

Sljeep. . 




120 

8 

Ox 

UM 




U 

Ox 

isi 




10 

Man , 

llH 




1 i 

Heifer 

120 



117 

12 

Sheep.. 

1 18 

125 

141 

125 

i;)* 

; Sheep.. 


1 18 


1 18 

14 

, Man . . 

153 




15 

1 Sheep., 

H>0 




Hi 

1 Sheep., 



159 



The effect of the iibsorptioii of the gas to perfect saturation 
was on tlie arterial and venous blood the same ; it rendered 
both very dark ; the serum it rendered more liquid, which was 
well marked by diminished tendency to froth on agitation. 

I shall now proceed to notice the trials which I have instituted 
of agitating blood and serum, to which a known quantity of 
carbonic acid had been added, with one or more of the gases 
considered by Dr^>TEVENS as exerting an attraction on car- 
bonic acid, and bj^hat means expelling it. 

From the experiments which I have made on serum, it ap- 
pears in its healthy state incapable of absorbing oxygen, or of 
immediately fumisliing carbon to form carbonic acid ; and in 

* Philosopliical Transactions for 1824. Kdinburgli Medical and burgical 
J ourual , vol. xxx. 
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no instance:^ in which I have agitated it with common air or 
with hydrogen, w hen obtained from the blood of a healthy ani- 
mal, has there been any indication of the disengagement of gas ; 
it therefore is peculiarly well fitted for the trial in question. 

To nine cubic inches of serum from the mixed blood- of the 
sheep one cubic inch more of serum was added, containing a 
cubic inch of carbonic acid, with which it had been impregnated 
over mercury. The mixture of the tw’o was introduced into 
the double-mouthed bottle without delay, and well agitated with 
twenty-two ctibic inches of common air. On turning the stop- 
cock there was no change of volume. The serum was trans- 
ferred, and there was added to itj with as little motion as j)OS- 
sible, another cubic inch of serum, containing the same (juantity 
t»f carbonic acid. Now poured back into the bottle and agi- 
tated, on opening the stop-cock a little air wa.'i disengaged ; it 

was collected and found equal to ^7:7, tbs cubic inch. 'J'he scrum 
was left exposed to the action of the air in the bottle overnight, 
the stop-cocks closed ; the following morning tin opening the 
stop-cock of the be;nt tuht^ aif was expelled ; on tlie con- 
trary, there was a just perceptible rise of water in it. The ex- 
periment was carried further ; the serum was transferred to a 
vial and closed, and the double-mouthed bottle was filled with 
hydrogen, 'fhe serum was returned and w'ell agitated with the 
iiydrogen. On turning the stop-cock - “*-ths of a cubic inch of 
air was expelled. It was agitated a second time without further 
expulsion of air, and lef't in contact with hydrogen for more 
than twelve hours w'ithout any further effect. Thus it appears 
that of the two cubic inches of carbonic acid gas ’Sntrmluced 
into the serum, only one-fifth of a cubic inch was expelletl by 
successive agitation with atmospheric air and hydrogen. 

One cubic inch of venous blood of a man which had absorbed 
1 *2 cubic inch of carbonic acid, was mixed with twelve cubic 
inches of similar blood, and agitated with hydrogen in the 
double-mouthed bottle. A very little air only was expelled, 
viz. j-y -ths cubic inch. 

To fifty-five measures (1*1 cubic inch) of venous blood of a 
sheep, twenty-measures of gas were added over mercury, com- 
posed of about equal parts of oxygen and carbonic acid. After 
agitation about seventeen measures werqjpbsorbed, and the 
blood had acquired a florid hue ten measures more of oxygen 
were added ; there was no further absorption. The tube was 
transferred to lime-water and agitated; the residual air was not 
diminished ; it amounted to thirteen or fourteen measures (the 
froth prevented precision in marking the quantity), which pos- 
sessed the properties of oxygen, as tested by the taper. 

To twenty-eight of venous Mood of a cheep, which 



had absorbed twenty-six of carbonic acid, forty-nine of oxygen 
were added in the graduated tube over mercury : after agitation 
the blood had acquired the florid arterial hue, and there ap- 
peared to be an expansion of one measure. 'I'ransferred to lime- 
water there was an absorption of one or two measures, and no 
more. 

I shall notice one experiment more, in which blood nearly 
saturated wdth carbonic acid was exposed to oxygen, a mem- 
brane intervening. Forty-seven measures of venous blood, 
had absorbed thirty-three of carbonic acid, were intro- 
<hiced into a glass tube half an inch in diameter, closed at one 
etnl with gold-heater’s skin, and when filled with blood at the 
other end also, it was placed over mercury in a small receiver, 
and thirty-seven measures of oxygen were added to it, under a 
diminished pressure of about one inch. After tw’enty-four hours 
then* was no chfuige of volume ; the blood in the tube had ac- 
quired tlirougliout the arterial hue ; the gas, thirty-eight mea- 
sures, transferred to lime-w'atcr and agitated, diminished to 
thirty -two. * 

J’he tid>e wms now })laced under a rteeiT^er, and the air ex- 
hausted by the air-pump ; a good deal of air w'as disengaged in 
i!u; form of froth, and the gold-beater’s skin was so distended 
tliat it aj)penred ready to hurst ; after three or four minutes air 
was re-admitted ; a notable ])ortion of gas vras found free be- 
tween the metubrane and blood ; thus showing that in oxygen 
gas carbonic acid gas is less freely exhaled through a membrane 
than in vacuo. 

The results of this second set of experiments are in accord- 
ance with fliose of the first. The inference I am induced to 
draw from both is rather of a negative* kind, and unfavourable 
to the conclusion of Dr. Stzvens already referred to, at least 
ill a strict and general sense. I think it right to express my- 
self thus reservedly, reflecting on some of the ex]>eriments in 
which a very little carbonic acid g.as, appeared to be extricated 
on agitating blood with hydrogen ; and believing that Dr. 
Stevens, and other able inquirers, could not hav'e been misled 
on a point so little exposed to fallacy. 

Relative to the effects which Dr. Stevens refers to the at- 
traction of one gas for another, they appear to me, from what 
I have witnessed in carrying on the inquiry, to admit of ex- 
planation on Dr. n4i:.TON's theory of mixed gases, and tliat in 
no instance is the effect of disengagement of air from a fluid, 
agitated with another kind of air, greater than were it agitated 
in a vacuum. 

lil. Whnt ix Ihc condition of the alkali in the blood in relation 
to carbonic acid ? 

On this point much difference of opinion exists amongst in- 
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qiiirevs ; some believing that the alkali, or at least a portioti of 
it, is uncombined, or combined merely with water, or with 
water and albumen ; some that it is united to carbonic acid in 
the state of carbonate ; others th&t it is saturated with this gas, 
and in the state of bi-carbonate. 

The subject, it must be confessed, is one of great difficulty, 
and very perplexing ; partly from the nature of the blcod, 
liable to great variations during life, and to rapid change after 
death ; and partly also from the nature of the alkaline carbo- 
nates, hardly less disposed to change than the blood itself, from 
variation of circumstances, and to pass from one degree of com- 
bination into another. 

The bicarbonate of soda, I believe, like the bicarbonate ot‘ 
ammonia, can only exist in perfection in the solid state. In dis- 
solving, I find, when exposed to the atmosphere, it gives ()fr a 
part of its acid, and still more when it is agitated with com- 
mon air, and more still with liydrogen, and in a greater degree 
the higher the temperature. This is not h.vcmrahle to the itiea 
that it exists in the blood, especially when it is considered that 
this fluid may be exposed to a temperature ofSli.^^ without dis- 
engaging carbonic acid, of whicJi I have liad proof in several 
trials. 

Sulphuretted hydrogen does not expel carbonic acid from the 
alkalies in solution in water. Bicarbonate of soda dissolved to 
saturation in distilled water absorbs, I find, 1 43 per cent, of its 
volume of this gas ; whilst the serum blood (it w'as sheep stliat 
was tried) dissolved 207 per cent., arterial blood 2.‘>6, and venous 
290. This, too, is unfavourable to the same idea ; as is aho 
the large proportion of carbonic acid which blood, it has been 
shown, is capable of absorbing. 

Supertartrate of potash occasions an effervescence, when mixed 
in substance with a solution of the sesquicarbonale, but not of 
the carbonate of soda ; and the effect is similar, w hether the 
mixture be made over mercury, air excluded, or in an open 
vessel exposed to the atmosphere. I’he supertartrate of potasli 
also, I find, mixed with blood and agitated with common air, 
acts as with the sesquicarbonate, and occasions a disengagement 
of air, and both from arterial and venous blood, and fr jm scrum; 
and the air I have ascertained is carbonic acid. 

From these facts, may it not be inferre^that the alkali in the 
blood, in its normal or healthie.st condition, is neither in the 
state or carbonate nor of bicarbonate, but of sesquicarbonate ? 
Tile power of the blood to absorb carbonic acid and sulphuret- 
ted hydrogen accords best with this view, and some other im- 
portant properties of the fluid are, I believe, in harmony with 
it. 

^ The sesquicarbonate, I may add, seems to be the state of rest 
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of the alkali in combination with carbonic r.citl, under ordinary 
circumstances of exposure to the atmosphere, 'f hus tl>e native 
compound is the sesquicarbonate, as is also, I believe, the efflo- 
resced salt.* And I find that although a solution of the bicar- 
bonate may be brought by the air pump to the state of sesqui- 
carbonate, it cannot be reduced to that of the carbonate : aftt r 
it has ceased to give off any air in vacuo, it effervesces with the 
supertar Irate cf potash ; and if evaporated to dryness over sul- 
phuric acid under an exhausted receiver, on being subjected to 
lieat, it disengages carbonic acid gas. 

IV, Does the bfuud coniahi any gas capable of being extricated 
bjj the air pump ? 

On this subject also there has been much difference of ''opi- 
nion. Our distinguislied countryman Mayow, more than a 
C(;ntLiry ago, stated that blood, especially arterial blood, effer- 
vesces in vacuo, whicii he attributed to the disengagement of 
air, his Spiritus Nitro-at'reius.t Sir Everard Home, on the 
autliority of Mr. Bj^ande, in 1818 , asserted that blood, both 
venous and aitcrial, under the exhausted receiver, evolves a 
large cpiantity of carbonic acid gas, an winc^ of blood as much 
as two cubic inches of gas.J I repeated the experiment shortly* 
after, but wnthoul confirming the result; neither by the air- 
pump, nor by heat applied even to coagulation of blood and 
serum in close v(‘ssels, did I succeed in demonstrating the extri- 
cation of this acicl.§ Since that time the experiment of the air- 
pump on the blootl has been frequently made, and by observers 
of great accuracy, as by Drs. Ddncan and Christison in this 
country, by MM. Tiedeman, Gmelin, Mitschenlich and 
Muller o* the continent, and recently by MM. Bjschoff and 
Magnus. With the exception of the last-mentioned inquirers, 
the results have been negative. MM. Bischoff andj Magnus, 
on the contrary, state that by careful exhaustion they have ob- 
tained gas from the blood ; the former a small quantity of car- 
bonic acid gas, the latter a notable quantity, and not only of 
carbonic acid gas, but also of oxygen and azote. |( 

M. Magnus attributes the failures of former experimenters 
to their having used pumps of imperfect exhausting power, or 

♦ On exposing carbonate of soda in excess to carbonic acid gas over mer- 
cury, tbo gas is rapidly absor])od with the expulsion of part of the water of 
crystallization, 80 as to produce an appearance of deliquescence, and the 
sesquicarbonate is formed. 

f .Tohannis Mayow Opera omnia. Hagie Com, 1681. p. 138. 

I Philosophical Transactions for 1818, p. 181. 

§ Ibid. IS23, p. ol6. 

II Annalcs des Sciences Nat. tom. viii. p. 75). c/ srt/. contain a translation 

MAQNtfs’ iiaper, with a figure of the apparatus, &c. used i the orignial 
appeared in Poggendorv’s Journal, vol. xl. part 3. 
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to their not having carried the exhaustion sufficiently far. In 
my early and first trial I employed the air pump belonging to 
the laboratory of the Royal Institution, Avhich was an excellent 
one, and which I then believed \^as in good order ; but I might 
have been mistaken. 

To endeavour to satisfy myself on this point, I have had an 
air-pump constructed for the purpose, under the direction of an 
able artist, Mr. Ross, of ."3 Regent-street, already distinguished 
for his excellent achromatic microscopes, and it has answered 
perfectly. When the exhaustion has been carried as far as pos- 
sible, the difference of lewel of the mercury in the sipbon-guage 
lias not exceeded a (piarter of an inch, and over water has not 
exceeded half an inch. 

Experimenting with this machine on blood, collected witli 
such jirecautions .as I believe to have been adequate to insure 
accuracy of results, in a majority of instances the disengagement 
of gas has been rendered manifest, and both from arterial aiul 
venous Hood. « 

I shall brieflly m'sntion the trials which I consider most con- 
clusive, and which satisfied nie in spite of an opposite pre- 
existing bias. 

Vials provided with well ground glass stoppers were filled 
with distilled water, deprived as much as possible of air by the 
air-pump ; they were tlien ])laced under the receiver and kept 
in vacuo until all adhering air was rcunoved : the stop]>ers were 
now introduced, all air being excluded, and they were instantly 
immersed in distilled water, wluch had been w^ell boiled. 
Thus prepared they were taken to an ad joinings slaughter- 
house, where they were filled with Sheeji’s blood in the follow- 
ing manner, w ithout its coming into contact with the air. For 
venous blood the jugular vein was exposed ; two ligatures w’ere 
applied to it ; the vein wa.s divided between the two, and the 
upper part, slightly detached, was introduced into a prepared 
vial under water the instant the stoj>per was withdrawn, and 
laid open. The heavier blood proceeding from the vessel of 
course stopped the water ; ami when it w^as supposed to be all 
expelled the stopper was restored, and the vial was replaced in 
the water. In the instance of arterial blood it wras collected in 
the same manner from the carotid artery. In some trials 
the blood was allowed to coagulate undisturbed ; in others the 
fibrin was detached, and the liquidity of the blood preserved by 
agitating it, the instant the stopper was replaced, with some 
mercury, introduced with the di.stilled water, and equally de- 
prived of adhering air. 

In about half an hour from the abstraction of the blood, in 
every instnicc, it was subjected to the air-pump. The instant 
the stopper was withdrawn the vial was placed in n small re- 
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ceivcr on the ])late of the pump, and covered with a little large? 
receiver, and the air as soon as possible exhausted. No appear- 
ance of disengagement of gas was perceptible until the exhaus- 
tion was nearly complete ; then it was sudden, sometimes 
considerable, even to overflowing, in the form of bubbles, and 
it continued some time. The results were not distinctly different, 
that I could perceive, whether venous or arterial blood was 
used ; I am disposed to think, on the wdiole, that less air was 
disengaged from the arterial blood tlian from the venous. 

When blood allowed to coagulate in the vessels was tried, 
the results varied a little, and appeared to me instructive. At 
first, on exhaustion, only a few particles of air were disengaged ; 
no more, it might be supposed, than were derive<l from the 
contiict of the end of the stopper. In two experiments sue!) 
was the a]!])carance for at least five minutes, conveying the idea 
that no air was extricated: then abruptly a bubble or film 
burst with so)ne force, as was denoted by the scattering of the 
particles of blood ; ^ind a bubbling commoneed and continued, 
renclering the indications of extrication of gas unquestionabh?. 
And in conformity with this result I may resnark, 1 heave never 
succeeded in obtaining indications of air in the blood in opera- 
ting on it by the air-pump, if confined in a detached portion of 
vein, or in the heart of animals, the great vessels, previous to 
excision, having been tightly secured by ligature. Ip no instance 
of this kind have I witnessed any distention, such as occurs if 
air be admitted previoiy? to the application of ligatures ; clearly 
indicative, it appears to me, that a very slight compressing force 
is sufficient to confinp the air in the blood, or rather, I should 
say, prevent its substance assuming the elastic state ; and 
further, the probability, that the quantity of air so condensed 
is small. 

I have stated that in the majority of instances the indications 
of the disengagement of air from blood in .vacuo have been 
manifest. Exceptions, however, have occurred, and those clear 
and decisive ; inducing me to believe that the quantity of air 
condensed in the blood is variable ; that there are times when 
it is in excess, and times when in deficiency, and when totally 
wanting, connected with regularly changing states of the func- 
tional system. I hope on another occasion to be able to recur to 
this part of the subject, on which at present I have collected but 
a few facts. I may add, that such facts tend in part to recon- 
cile some of the discrepancies referred to in the beginning of 
this section. 

* V. Of Ihe air or gases contained in the blood capable, of being 
extricated by the air->pntnp. 

As already mentioned, M. Magnus has stated that tht\se 
gases are carbonic acid, oxygen and azote in notable quantities 
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taking the mean often of his experiments on the blood oi* the 
horse and calf (five on arterial and five on venous), the total 
quantity ot the mixed gases he obtained was, in the instance oi’ 
arterial blood, 10*4 per cent, percvolume, and in that of venous. 
7*6 per cent. ; the former consisting of about 
6*5 carbonic acid, 

2*4 oxygen, 

1 "5 azote ; 

the latter of 

5 5 carbonic acid, 

I "1 oxygen, 

1 *0 azote. 

On a subject of so much importance, it is very desirable that 
the experiments of M. Magnus should be repeated and verified ; 
for until tliis is done, considering the physiological hi.story of 
the blood, it will be difficult to avoid doubt, and to depend on 
them with that degree of confidence which is justly due only to 
well-authenticated facts. ^ ^ 

The ingenious apparatus employed by M. Magnus being 
difficult of construction^ and not easily used excepting in a well- 
appointed laboratory, I must leave the repetition of his highly 
interesting experiments to those enquirers who are more happily 
situated than myself for engaging in them. On the present 
occasion I shall limit myself to the detail of some experiments 
instituted with a view of testing M. Magnus's general results. 
As a solution of potassa has the pro))erty of absorbing carbo- 
nic acid gas, it follows that if mixed with the blood previous to 
being subjected to the air-pump, it will prbve in some measure 
a test of the kind of air wliich the blood is capable of affording. 
With this intent two vials were prepareti, the same as before 
used, one filled with distilled water, the other with a weak aque- 
ous solution of caustic potash, both carefully deprived of air by 
the air-pump. Observing the same precautions as before, a 
portion of venous blootl from a sheep was received into each' of 
them. When less than half of the water and of the solution, 
as well as could be guessed, was expelled, the vials were closed 
with the glass stoppers belonging to them, and instantly im- 
mersed in water, and as soon as possible subjected to the air- 
pump. The results of exhaustion in the two instances was 
perfect]3’^ distinct. From the blood mixed with water gas was 
iiisengaged ; there was a continued ascension of bubbles. From 
the blood mixed with the alkaline solution no gas was liberated, 
excepting a bubble or two, w'hich might fairly be considered as 
entangled air derived from contact of the blood with the 
stopper. 

A similar comparative trial was instituted with arterial blood 
of the sheep, and the results also were similar and equally well 
marked. 
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C'onsiclerptl as test experiments, the first inference from these 
restiUs is, tliat carbonic acid gas, or an air absorbable by a so- 
lution of potash, is disengaged both by venous and arterial 
blood in vacuo ; and next, that* no othet gas is disengaged from 
either of tliem, neither oxygen nor azote, each of which is iin- 
absorbable by the solution in question. I have repeated the 
experiment twice on the venous blood of man, and twice on the 
venous blood of the sheep, and twice on the arterial blood of 
the latter, w itliout variation of results ; and they are more to be 
depended on, as the alkali has the effect of preserving the blood 
litpiid. 

I may mention another method which I have employed as a 
test experiment ; and first in relation to carbonic acid. If the 
blood contain a notable portion of this gas capable of being ex- 
tricated by the air-pump, it necessarily follows, that when sub- 
jeeled to the action of the air-pump, and deprived as far as 
possible of its fixed air by this means, it will be capable of 
absqfbing a larger ^juantity of carbonic acid than previous to 
the exhaustion. The following table contains the results of 
three comparative trials on the venous blocxl of the sheep, its 
fibrin se]^arated or detached in the usual manner. ^ 

Table showing the absorption of carbonic acid gas hy 


jvi'riHus blood subjt.otecl to the nir-puinp. | 

Venous blood not subjected to the I 

Vohiuurof 

Vcluine of 


V'oluuie of 

Volume of 



HJvs 

absorl>ed. 

blood tised. 

pas 

introduced. 

pas 

ub.sorbed. 

'27 • 40 


27 

47 

07 

^7 40 

;«» 

27 

4'j 

;i!> 

?7 40 1 

i 


27 

45 1 

1 34 


Although 1 have thought it right to notice these results, and 
although they are in accordance with the jireceding, I do not 
attacli much value to them, excepting as tending to show that 
the (juantity ()f carbonic acid gas extracted by the air-pump, 
when the blood affords it in vacuo, is small. 

The same mode of reasoning suggested comparative trials of 
the absorbent power of arterial blood for oxygen, before and 
after exhaustion by the air-pump, as a further test experiment, 
whether arterial blood contains oxygen in a free state, that is, 
admitting of being extricated by the removal of atmospheric 
pressure. The result of this trial also has been negative ; its 
power of absorbing oxygen has not appeared to be at all in- 
creased by exhaustion ; this at least was the result of one expe- 
riment carefully conducted. 

V I. Is any oxygen contained in the blood not capable oj being 
extricated by the aii'^pump ? 
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Before I was acquaintctl with the resecircbes of M. Magnus 
I had instituted some experiments to endeavour to determine 
wliether any oxygen in a free state, or in a condition approxi- 
mating to that state, exists in tlie blood, and especially in the 
arterial, admitting of being detected by means of substances 
possessing a strong attraction for oxygen, or of being expelled 
by substances of greater solubility in blood than oxygen- Hy- 
drogen, phosphurelted hydrogen, sulphuretted liydrogen, ni- 
trous oxide, and nitrous gas, it appealed advisable to try, as 
Ijcionging to the first class of substances, and carbonic acid gas 
as belonging to the latter. 

The results with hydrogen, sulphuretted hydrogen, nitrous 
oxide, and carbonic acid gas, w'efe of a negative kind. Neitfier 
using arterial blood, nor blood wdnch had been agitattnl with 
oxygen, and wdiich had absorbed or made to disappear a certain 
cpiantity of this gas, could I detect any indications of its pres- 
ence cither by combination or expulsion. In the instances of 
nitrous oxide and carbonic acid, however, it may be worthy of 
remark, that the blood w'hich had been agitated with oxygen 
absorbed less of either of these gases than it did before it was 

treated.* 

The results with phosphuretted hydrogen, the spontaneously 
inflammable species, were of an ambiguous kind, not sulliciently 
clear to deduce from them any satisfactory conclusion. In one 
trial, serum of the venous blood of tlic sheep absorbed nine per 
cent, of this gas ; venous blood 11*3 per cent. ; and arterial 
per cent.i' 

I'he results wdth nitrous gas w'ere of a different kind, and 
may be deserving of being specially noticed. 

The blood used was that of the sheep, prepared in the usual 
manner, 'i'he experiments were made during the very cold 
weather wdiich prevailed in the beginning of the year, and the 
difference of colour between the venous and arterial blood was 
very strongly marked. 

Is/. On Arterial Blood. 

1. Fifty-three measures of this blood were agitated over 

* Nitrous oxide I And is absorbed in about the same proportion by venous 
and arterial 1)1 ood, and by the serum of blood, and also in about the same 
proportion by water. Thus, at the temperature of 45“ over mercury, using 
the blof»d and serum of the same animal (the sheep), thirty-two measures of 
each absorbed twenty -two measures of this gas, and thirty-two of distilled 
water absorbed 21 '5. 


f Supposing the gas decomposed, the phorsphorous uniting-with the oxy 
gen in the blood, the apparent smaller absorption by arterial than by venous 
blood is what might be expected, on the idea that the former kind of blood 
contains most oxygen. 
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mercury with forty- six measures of nitrous gas ; there was a 
diminution of volume of seventeen measures. 

2. Fifty-three measures of t|^e same blood (another portion) 
were agitated with nine of/ oxygen ; two measures were ab- 
sorbed. 

3. Fifty measures of this blood, so treated with oxygen, were 
agitated with forty-seven of nitrous gas ; there was a diminu- 
tion of twenty-two measures. 

2nd. On Venous Blood. 

1. Fifty-three measures of this blood were agitated with fifty 
of nitrous gas ; there was a diminution of ten measures. 

2. Fifty-three measures (another portion) were agitated with 
ten of oxygen ; five measures were absorbed. 

3. Fifty-one measures of blood so treated were agitated with 

forty-nine of nitrous gas ; there was a diminution of seventeen 
measures. • 

Tlie residual air in each instance 'was examined and was 
** found to be a mixture of nitrous gas and azote without carbonic 
acid gas. Tlie azote, it may be presumed, was introduced with 
the nitrous gas ; it was in the same proportion as that which 
adulterated it, viz. about four per cent. That the residual air 
was free from carbonic .acid was inferred from the circumstances, 
that in comparative experiments with and without addition of 
a portion of solution of caustic alkali, there was no tTifference in 
the proportion of nitrous gas absorbed : and it w^as corroborated 
by another circumstance, viz. that after the absorption . of the 
nitrous gas, the blood was capable of absorbing seventy-five 
per cent, of carbonic acid gas^ ; and further by the result that 
when nitrous gas is addetl not to saturation, the whole of it is 
absorbed'!' . 

As regards the blood itself, the colour of both venous and 
arterial was altered ; both were rendered darker and browmer, 
as if a minute quantity of nitric acid had been added to them, 
a change long known to be occasioned by nitrous gas. In the 
degree of change there was however a difference ; in the Instance 

♦ To some venous blood of a sheep which absorbed 182 per cent, of car- 
bonic acid gas, so much of a solution of pure hydrate of potash was added, 
that it absorbed 218 per cent, of the acid gas ; seventeen measures of this 
blood with excess of alkali, agitated with fifty-one of nitrous gas, absorbed 
5*5 measures ; sixteen of the blood without the excess of alkali absorbed 
five measures : thirty-four measures of carbonic acid gas were added to the 
latter, the excess of nitrous gas being left in the tube ; on agitation twelve 
measures of the carbonic acid were absorbed. 

t In one experiment eighty- four measures of the venous blood of the 
sheep were agitated with ten of nitrous gas over mercury ; the whole of the 
gas was absorbed : twelve of oxygen wore added ; on agitation again there 
was no further absorption. 
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of arterial and of oxygenated arterial blood, it was indve strongly 
marked than in that of the venous. 

In conjunction with the unsuccessful attempts wntli the otht‘r 
gases already mentioned, do not the results just described indi- 
cate that a portion of oxygen exists in the blood, not c;ipable <d' 
being extracted by the air-pump, and yet capable of entering 
into combination with nitrous gas, and which exists in largest 
proportion in arterial blood ? Unless this conclusioti is adopted, 
it must be supposed either that the nitrous gas which disappears 
is decomposed, or that it combines directly with the red parti- 
cles ; neither of wliich suppositions is well sii]»ported by facts. 
The circumstance that no azote is disengaged, is not favoinable 
to the idea that the nitrous gas is deconijwsetl ; and the differ- 
ence of effect in the instances of venous anti arterial blood, and, 
after and before agitation with oxygen, is not in accordanct' 
with the notion ot direct combination. I may mention another 
fact which seems to have the same bearing ; serum, w Inch does 
not absorb oxygen, I find also does not absorb nitrous gas, ex- 
cepting in about the proportion in which water absorbs it : and, 
further, in corroboration, 1 may mention, that as blood ]>utrefies, 
’%hether arterial or venous, its power of absorbing nitrous gas^ 
diminishes ; and that it is also diminished by being agitatetl 
with phosphuretted hy<l!*ogen. Thus the arterial blooi! of a 
sheep, which before agitation with phosphuretted hydrogen ab- 
sorbed 45*3 per cent of nitrous gas, after agitation with it 
absorbed 7*4 per cent less; and, after it had become putrid, it 
absorbed twenty per cent. less. According lo my observations, 
arterial blood does not lose its peculiar fioritl hue under the 
action of the air-pump. Is not this also in favour vf above 
inference, that a portion of oxygen is retained by tlio blood re- 
sisting extraction by the air-pump ? I find also that wJ»en 
venous blood is agitated with oxygen and subjected to the air- 
pump, it, in like manner, retains its acejuired florid vermillion 
hue, and likewise a power of absorbing an atUlitional cjuantity 
of nitrous gas. 

VII. When oxygen is ahson'hed by the blood is there any pro- 
duction of heat ? 

To endeavour to determine this point, of so much interest in 
connexion with the theory of animal heat, a very thin vial, of 
the capacity of eight liquid ounces, was selected and carefully 
enveloped in bad conducting substances, viz., several folds of 
flanncj, of fine oiled paper, and of oiled cloth. Thus prepared, 
and a perforated cork being provided, holding a delicate tlicr- 
xnometer, two cubic inches of mercury were introduced, and 
immediately after it was filled with venous blood, kept liquid as 
before described. The vial was now corked and sliakcn ; the 
thermometer included was stationary at 45®. After five minutes 
that it was so stationary, the thermometer was withdrawn, the 
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vial closed by another cork was transferred inverted to a mer- 
curial bath, and cubic inch of oxygen was introduced. The 
common cork was returned, and the vial was well agitated for 
about a minute ; the thermometer was now introduced, it rose 
immediately to 46'^, and continuing the agitation it rose further 
to 46 4, very nearly to 47®. This experiment was made on the 
12th of last February on the blood of the sheep. 

On the following day a similar experiment was made on the 
venous blood of man. The vial was filled with eleven cubic 
inches of this blood, its fibrin broken up in the usual manner, 
and w'ith three cubic inches of mercury ; the temperature of the 
bl<Kjd aiid mercury was 42 '6, and the temperature was the same 
alter the introduction of three cubic inches of oxygen. The 
temperature of the room being 4.®, a fire having shortly before 
been lit, tlie vial was taken to an adjoining passage where the 
temperature of the air was Here the vial was well agita- 

ted, held in the Jiand with thick gloves on as an additional 
protection. After about three quarters of a minute the ther- 
mometer in the viaj^iad risen a degree, viz. to 4.0.5. 

^ On the 14th of the s.ame month a third experiment was made 

^on venous blood from the jugular vein of a sheep. The vial 
was filled wnlh cubic inches of mercury and eleven cubic 
inches of blood. The thermometer in the bottle, left five 
minutes, was stationary at 49^ ; the temperature of the mer- 
curial bath was 49^’ ; the air of the room was 52^ ; a thermo- 
nu‘ter wdth its bulb moistened w^as 45®, which I mention 
because the outer covering of the vial was moistened with some 
blood which had overflowed. After three cubic inches and a 
half of oxygen had been introduced, before agitation, the ther- 
mometer was still 49®. The bottle was briskly shaken for 
about half a minute ; now, on observing the thermometer, it 
was found at 50® ; the vial Avas again agitated ; there was no 
1 iirther increase of temperature : after ten minutes it had fallen 
to 49" . 

T shall relate one experiment more, ami that on arterial blood. 
It was made on the 14th of February, and in the same manner 
as those on the venous blood. Before and after the introduction 
of the oxygen, the blood, whicli w^s from the carotid artery of 
the slieep, was 45*®; after agitation with oxygen it rose to 45*5: 
this was done when the temperature of the air was 39®. 

In a former part of this paper I proposed to recur to the 
question, Is the fixation of oxygen in the blood attended with 
the formation of carbonic acid gas ? The change of colour ac- 
companying the fixation of oxygen by the blood, so diflerent 
from that produced by c.arbonic acid, and the eflect of nitrous 
gas before and after, seem to bo most in fiivour of the idea, that 
the oxygen, in the first instance, is simply absorbed, and that 
the heat evolved is merely the effect of its condensation ; or. 
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that if any of it enters into immediate union with the carbon^ it 
is only a small part of the whole. 

VIII. Conclusion. 

i^hould the results detailed in the preceding' pages be con- 
iirmed on repetition, they can hardly fail having some effect on 
the theory of respiration and animal heat. 

As regards the former, they appear to me to tend to show 
that the lungs are absorbing and secreting, and perhaps exhal- 
ing organs, and that their peculiar function is to introduce oxy- 
gen into the blood and separate carbonic acid from the blood. 

As regards animal heat, they appear to favour the idea, that 
it is owing, first, to the fixation or condensation of oxygen in 
the blood in the lungs in conversion from venous to arterial ; 
and secondly, to the combinations into which it enters in the 
circulation in connexion with the different secretions and 
changes essential to animal life. 

In illustration of what I imagine the seweting power of the 
lungs, I may mention the difference of effects in an instance of 
death by strangulation,' and another by exhaustion of air from|| 
the lungs by the air-pump. A full grown Guinea Pig was ihe^ 
subject of experiment in pach. The one killed by strangulation 
died in about a minute after a cord had been drawn tightfy 
round its neck ; the other, placed on the plate of the air-pump 
and confined by a receiver just large enough to hold it, lived 
about five minutes after the exhaustion Ijad been commenced, 
the pump the whole time having been wmrked rapidly. I'he 
bodies were immediately examined. The heart of the strangled 
animal was motionless ; it was distended with (Urk blood ; 
twelve measures of the blood, broken up and agitated with 
twenty-nine of carbonic acid gas, absorbed eighteen measures, 
or 150 per cent. I'he heart of the other Guinea pig w'as also 
distended with blood, but of a less dark hue. Its auricles W'ere 
feebly acting ; the lungs were paler than in the former, and 
more collapsed : ten measures of blood from the heart, broken 
up and agitated with fifty of carbonic acid gas, absqrbed thirty- 
seven measures, or 370 per cent. 1 

Further, in illustration of#this supposed secreting power of 
the lungs, 1 might adduce the condition of the blood in disease, 
and in instances in which I have examined it after death from 
disease, in the majority of which I have found the blood loaded 
with carbonic acid, as indicated both by the disengagement of 
this gas, when the blood was agitated with another gas, and 
by the comparatively small proportion of carbonic acid which 
the blood was capable of absorbing. This condition* of the 
blood, in relation to carbonic acid, I believe to be one of great 
interest and imjwrtance, and capable, when further investigated, 
of throwing light on many obscure parts of pathology, and es- 
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pecially on the immediate cause of death, and that liappy ab- 
sence of pain in dying winch is commonly witnessed. 

As regards an exhaling power, which I suppose the lungs 
may possess, I conceive it may* be exercised occasionally under 
peculiar circumstances — circumstances, in the first instance, 
favouring an accummulation of carbonic acid gas in the blood, as 
undue pressure of any kind, and, in the second instance, cir- 
cumstances of a different nature, connected with the removal 
of undue pressure, admitting thereby the excess to pass off. 

The view which I have alluded to relative to the production 
of animal heat, is, I believe, capable of explaining very many 
particulars of animal temperature in different classes of animals, 
and both during life, in health, and disease, and in a state of 
hybernation an<l after death. If correct, this it must necessa- 
rily do, theory being merely an expressioii of facts, and truths 
in nature being perfectly consistent. 


I'ort Ptff, Chnfhnny 30,1838. 


Fj. rp crime ntal and Theoretical Jlest arches in Electricity, Mag7ie~ 
fisviy <*)'(-. Sixth Memoir. By Wjlliam Sturgeon, Superin- 
tendent and Lecturer to the Ttoyal J'ictoria Gallerif of Practi-^ 
cal Scic4fcCy Manchester : formerly Lecturer on Experimental 
Ph'dosophif at the lion. East India Companf s Military Aca- 
demy, Addiscomhc c^'C. c^'C. 

3 1 5. The present memoir will contain theoretical explana- 
tions of several electro-magnetic phenomena, in continuation 
of those applications of the theory which I have endeavoured 
to develope in the first volume of these Annals ; and also des- 
criptions and theoretical explanations of some other experiments 
not hitherto published, excepting ij^iny lectures on these subjects. 

326. It is well known that if an electric current be trans- 
mitted through a pendant w’ire W, fig. 1, hanging by a 
loop, to another wire P ; and its lower extremity dips into 
an annular cistern of mercury, through the centre of which 
passes the magnet S, N ; the wire, with its current, will 
rotate round the magnetic pole to whose influence it is exposed : 
and the direction of rotation will depend u]>on the direction in 
which the current flows through the pendant wire, anti upon 
the character of the magnetic p^>lc under whose inffiience tfiat 
'current is placed. If the ^^ction of the current be down- 
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wards, as indicated by the 
arrow, and the marked end 
of the magnet be upwards, 
as in the figure, the direction 
in which the wire wdll rotate, 
is towards the left hand of a 
person situated in the centre 
of motion, or in the situa- 
tion of the magnet in the 
figure, 15ut if the current 
should flow upwards through 
the pendant wire, wliile the 
position of tlie magnet re- 
mains unclianged, the wire 
will rotate in tlie <)p})osite di- 
rection to the former, or to- 
w'ards tlie right hand of* a 
person situated in tlie centre 
of motion. And, on the other 
liand, if, instead of changing 
tlie direction of the cCirren^ 
from downwards to upw'ards 
in the pendant Avirc, we were 
only to invert the position of 

the magnet presenting its unmarked pole to the wire, the direction 
in which the wire would rotate, would be as dcc;idediy inverted 
as by an inversion of the current whilst subject to the action of 
the marked pole only. 

33 7. These rotations of a wire carrying an clectwc current, 
were first made by Dr. Faraday, and w'cre supposed to be 
favourable to an hypotliesis suggested by the late Dr, Wollas- 
ton ; in which he supposed that the electrical current proceeds 
by a circuitous route round the conducting wire, producing 
what that philosopher termed vertiginous force. Hut Professor 
Barlow, I oelieve, was the first peison who gave any satisfac- 
tory explanation of these rotatory motions, in the 2nd edition of 
his admirable work on Magnetic Attractions, Mr. 

Harlow considers the force itijthe wire to be t^gential td every 
point on its bounding surfaw ; and I have already shown, in 
the theory before mentioned, the pr.>bability of this force being 
identical with that which constitutes the powders of ferruginous 
magnelt: and of loadstone : and by admiltiiig that identity, the 
electro-magnetic, and magnetic electrical phenomena, become 
as susceptible of satisfactory explanation as any other class of 
phenomena within the wdiole range of experimental science : 
whereas, indcj>eiidently of such magnetic tangential force, I am 
not aware of any hypothesis that becomes generally applicable 
to the phenomena in question. ^ % 


Fig. 1. 
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318. The effect of the longitudinal forces of two magnets 
operating on one another may be exemplified by the following 
t^xperiimmt. Let the magnet N 8, fig. 2^ be suspended over tlu* 

^ 

-- N 1 — -i j — n SI 

Fig. 
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magnet N S in such a manner that it can move freely in a liori- 
zonlal plane, whilst the lower magnet N S remains fixed. It 
will commence moving in the direction indicated by the small 
dart ; and if not vliccked it will be taken in that (lirection until 
its polo N iias passed, to some distance over the pole 8, of tlic 
lower magnet; it will then return, and after a few oscillations 
it will remain at ix*st directly over the lower magnet, having 
their equators Land E' in the same vcr;[,ical^>lane. The straight 
pines with cross heads on the outside of the two magnets would 
represent the resultants of their longitudinal forces: (see plate ix 
(il, (i8, vol, 1.), which balance each other when tfie magnets 
iT^e assumed a state of n‘pose in their last mentioned positions. 
Tlicre is still, however, a lateral force exerted between the two 
magnets, wdiich would bring them into contact with each other 
w'ere they at liberty to do so. 

311)‘* The longitudinal and the lateral forces* of two steel mag- 
nets, aiLalxpve described, play precisely the same part on each 
otheiH|y.lic tangential magnet forces of two wires transmitting 
electriaiH|rrents, as sliown in fig. 7i, ]>late ix, vol. 1 : or as the 
longitudiim and lateral forces of a steel magnet and the tangen- 
tial forces of a conducting wire; as illustrated by the fig. 3, 


-h 



t Let the circle C represent the section of a conducting wire, 
arrying an electric current Jhm the spectator to below die 
»agerM which the figure ^^Irawn. The resultant tangential 
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magnetic forces ot that wire would be represented by the four 
lines, with cross heads, placed about the circumference of die 
section. If, now, this wire were to be exposed to the magnetic 
forces of a bar of steel, N, E, S, with the equator E of that 
magnet in the same plane as that in which the axis of the wire 
is placed, as represented by the figure ; then the longitudinal 
forces of the magnet, and the vicinal tangential forces of the 
wire would be in equilibrio ; and the wire would have no ten- 
dency to move either towards the pole S, or towards the pole 
N, of the magnet. But if the wire were perfectly free to move 
in other directions also, it would be drawn towards the equator 
of the magnet, in a line perpendicular to the axis of the latter ; 
or, if you please, in the plane of 'the magnetic equator of the 
steel, till they come into contact with one anotlier, in jirecisely 
the same inanner as two magnets are drawn together by their 
lateral forces, as above described. If, however, the conducting 
wire C, were to be removed from the equator E of the magnet, 
towards either of the poles N or S, and then set at liberty ; it 
would again return to its former position fn the plane of the 
ferruginous magne^tic equator, w’here it would repose as before.^ 
These phenomena are m strict uniformity with those displayec' 
by two ferruginous magnets, when in operation on each othe^ 
and are, no doubt, governed by the same laws. 

320. The tangential magnetic force of the conducting wj 
and the longitudinal force of the steel bar, conspire, in all cases, 
to give a tendency to place the axis of the current in the 

of the magnetic equator of the steel i as was showi^by M. 
De la Rive, with his floating mini.ature battery. Henc€',it 
that, by a series of fruitless attem}>t$, in consequence ^f^Mpfirode 
of suspension of the wire W, in the ‘already descriwBHfejpilfi- 
ment, fig. 1, to place the axis of the current in the 
equator of the magnet, there results a rotation of t^t l^ATtent, 
and the pendant wire through which it traverses. 

321. WRen the current is very powerful, the pendant wire is 

frequently thrown with great violence out of the mercury; 
which, of course, cuts off the current for a 1|pm|J|^^i^il the 
wire falls down again^and clq,s|^s the circuit ; ik 
which time, the current re^^nmences ai^|pi^'>BiH3Keives a 
new impulse, which drives it again out of and 

by a series of these impulses, the the 

magnet^ and thus performs a kind of jup|K|||pumikory motion. 
When, however, the current is not d^ppowerliil, the wire is 
never thrown out of the mercury, arid the rotation is pretty 
steadily performed. 

322. A very uniform rot^ion of th^ •electric current roun| 
the pole of the magnet is obtained by difiding it Into two chan 
nels, in the manner shown by th^|g»arcttus repiresenti 
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where each of the two pen- 
dant wires W W, W W, carry 
a portion of the electric mat- 
ter, from the cup C to the 
mercury in the annular trough 
through which the magnet 
passes. By these means, the 
resultant forces which tend to 
place one of the wires at right 
angles to the axis of the mag- 
net are prevented from throw- 
ing that wire out of the mer- 
cury, by similar counteract- 
ing forces on the opposite side 
of the magnet ; hence, both 
pendant wires rotate on the 
point P, with a very steady 
uniform motion. 

323. If, instead ^f both 
branches of the wire being 
turned downwards, as in fig. 
4, one of them be turned up- 
wards as in fig. 5, the pendant 
^ branch may he nicely coun- 
t^oised by moving the light 


Fig 4. 



ball on the upper branch, to a proper dis- 
^ tftneo* from the pivot, allowing the depending 
W. W. to preponderate a little in 
tffat its lower extremity may touch the 
ip the annular cistern when the 
whole IS at rest. By this arrangement the, 
electric current may be made to traverse the 
wire W, W, without interfering with 
^ If, now, the copper of a single 

^^^AH^^HBjBbonnected with the upper cup, 
the cistern of mercury,'*^ 
'^HjlWLllt^iOniP^oceed downwards through 
' wins W, as indicated by the arrow : and 
the wire will commence its rotation round the 
magnet ; but instead of proceeding ^o^adily fis 
by the apparatus represented by fig. 4, it now 
'^!;^^||mkes*a jumping motion, in consequence of 
*!«Paeries of IMectipns which throw its lower 
«iltremity mercury, into the posi- 

. shown line. When the wire, 



* Instead of 
in the cistern, it il 
side of the cisl^^ 
seen at Z, 


^ner-lion betsreen the battery and mercury 
btto have a shprt wire passing through the 
htvith a small cup for holding mercury, as 
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as in tins case, has left conlart witli the mercury in the cistern by the 
first deflection, the electric current is cut off, and the wires gravi- 
tating fhropensity brings it down again to the mercury, and restores 
the contact. This done, the current again flows, a new impulse is 
giyien, and the wire again thrown out of the mercury as before ; 
and so on alternately making and breaking contact ; and by a 
continuation of these deflections, the wdre is carried round the 
magnet, in the same direction as when both branches dip into the 
mercury. 

J124. When the electiic current is too energetic, the wire is fre- 
(juently thrown oft* the pivot, or so tossed about as to spoil the 
beauty of the experiment ; but by employing an arrangement like 
that re]>resentcd by fig. (>, the fact is l^autifully exhibited. The 
moveable part of fig. 6* consists of a hoiftoii- Fig. 6*. 

tal straight brass wive W W, supported on 
a pivot at its centre, having a suitable pivot 
hole on its lower side. On iLe extremities 
of this wire are suspended two other wires, 
one on each ; which can revolve on the hori- 
zontal one as an axle, in the same manner 
as carriage wheels ^evolve upon an axle. Jn 
this apparatus, however, the lower branch of 
each wire is a little heavier than the upper 
one, by which means it is kept in a vertical 
position when under the influence of gravity 
only ; but, iu consequence of the delicacy 
of suspension, can be deflected out of that 
po.sition by the application of a very slight 
horizontal force. When the positive pole 
of a voltaic batK^y is made to communicate 
ivith the centre of the horizontal wire W W, 
and the negative pole with the mercury in 
the cistern ; the electric current will proceed 
in both directions along that wire, and down 
both vertical wires to the mercury, &c. The 
lower points of the vertical wires are imme- 
diately thrown out of the mercury, as repr 
lines in the figure : .and by these deflections the whole of tfle 
moveable system of wires receives an impulse which produces 
motion on the pivot, Gra^i|'^ brings the deflected wires down 
again to the mercury, and the current again traverses the 
wires ; another deflection is ])voduced, and another impnl^ co 
miinicated to the moveable system on the pivot : and in this ma 
jier the whole is carried round the pole of the naagnet. TJl 
results produced by this jnece of apparatus have a!*-vVery singulM^ 
effect on the mind; for as the lower pQiQt^«a|th4pe|(dant wires a#e 
always thrown out of the mercury in cRreCtions as that in 

whi^ the whole progresses round 

always thrown out at the same moSmmt ^ 

man walking, or pumping in a cireferSSo^^f'^xed central object. 
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3*^5. The cxi)eriment may again be varied in a very pleasing 
manner, by applying a wheel, instead of a wire, at each ex;^ennty 
of the horizontal piece which revolves on the magnetic pole. By 
this arrangement the wheels re¥olve in the mercury, whilst the 
whole system is carried round the magnet ; and that which appears 
most singular in this experiment is, that the wheels rotate in the 
mercury imthe opposite direction to that in which they would on 
a solid floor or road, to be translated in their orbit round the mag- 
netic centre in the same progressive direction. Fig. 7 is a repre- 
sentation of an apparatus of 7^ 

this kind ; which, with the 
arrangement there shown 
revolves round the magnet 
from right to left : whili^ 
the wheels revolve on their 
]nvots in the direction of 
the arrows. 

326, As the revolutions 
of magnets arouncU fixed 
conductors carrying elec- 
tric currents, are effected 
by the same forces as those 
which are productive of 
the above named pheno- 
mena, the same laws apply 
in both cases : and the tw'o 
classes of phenomena may 
be varied accordingly. 

Wlien I first rotated a 
large mag*et round a con- 
ductor, by suspending it 
on a pivot, I met wuth 
considerable difficulty in 
keeping it parallel to the conductor round which it was in- 
tended to ^volve, until I hit upon the method of bridleing it 
^ the conductor by a loop of thin copper wire as shown at K 
in figure 8, which represents the apparatus that I employed 
for rotating two magnets round two fixed conductors, at the 
same time. Before I adopted this plan, the magnets were thrown 
oblique to the axis of the conductor, the moment that the bat- 
tery connexions were made ; and although absolutely taken 
rqund the conductor, they were tossed about in a singular man- 
ner, and their revolutions were far from being steady and uni- 
form. • 

S27» This piece of apparatus, which, amongst many others, 
I presented to the society of arts in the year 1 825, is now very 
well known ; being manufactured by almost every instrument 
maker, in London from ^at period till the present time. I he 
following is a delcription bf fhe apparatus. A A, are tw^o vol- 




SOO Researches in Electricity, Magnetism, ^'c. 


Fig 8. 



teic batteries^ each of which consists of a cylindrical copper jar, 
in whi(^ is placed a cylinder of zinc, properly insulated from 
from the other^ metal. To the side of each copper jar is sol- 
dered a short wire C, and a small brass cup C for holding mer- 
cury. Each zinc cylinder is also furnished with a cop])er wire 
and brass cup Z Z, which wires and cups are for the purpose of 
making connections between the battery and various jiiccea of 
apparatus. Eaoli battery is also furnished with two brass loops, 
through which pass freely the stout brass rod H ; by means of 
which it can be adjusted to any required height, and kept firmly 
in any position by means of a set screw, which works in the 
upper loop. The vertical brass rods are screwed into heavy 
wooden feet, but are broken in the figure to prevent an unne- 
cessary occupation of the paper. The base of the apparatus is • 
a stout rectangular mahogany board, from which rise three 
boxw^d pillars IJ, H, H, which carry a rectangular stage G, G, 
in which are two circular holes for the reception of the annular 
cisterns E, E. From one ||iide of the stage, rises a brass 
pillar T^, M, for the support of the bent wire P, P, which can 
be actuated to any required height by the thumb, screw G. 

1 he bent wire P, P, is also furnished with two cups C, C, for 
holding mercury. The annular cisterns E, E, are also for hold- 
ing mercury, which is connected with other portions of mercury 
in the small cups Z, Z, by means of short brass wires, which 
pass through the sides of both the cups and the cisterns. N, S, 
on the right, and S, N, on the left, are two steel magnets, wliich 
by being bent, as shown in the figure, ^nd haying a pivot hole 
on the lower side of the bend, are supported by, and rotated 
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upon, the fine-pointed wires J, J. These magnets are kept in 
a vertical position by means of looped wires, K, K, which are 
fixed to the magnets, but not to the 8U})port8 J, J, which pass 
freely through the loops. On the upper side of the bend of 
each magnet is soldered a brass cup for holding mercury, and 
to this cup attached a thin wire F, pointed at its outer extre- 
mity and bent, as in the figure, so as to be immersed in the an- 
nular mass of mercury in the cistern E. If now the two bat- 
teries be connected with this apparatus, as shown in the figure, 
the electric current will run from the copper jars along the con- 
ducting wires D, D, to the cups C, C ; thence downwards through 
the wires P, P, to the mercury^ in the small cups on the bend of 
the magnets. Tlience through the bent wires F, F, to the mer- 
cury in the cisterns E, E ; thence to the mercury in the cups 
Z, Z, and up the wire Z to the zinc cylinder in the battery. 
The revolutions of the magnets round their respective wires 
P, P, are performed in opposite directions, because of different 
poles being exposed Jo similar electric currents. By changing 
the direction of the currents in the wires P, P, of course the 
magnets revolve in the opposite directior^to the former. 

318. The batteries may be^o managed as to have their forces 
divided into two currents each, one down the wire P, and the 
other up the support J. By these means both poles of the mag- 
net are operated on at the same time, and the revolving motion 
is much brisker than when only one pole is under the influence 
of an electric current. 

329. The theory of electro-magnetism which I have proposed 
serves to explain very satisfactorily the vibrating motions of a 
conductingSvire, hanging pendant between the poles of a horse- 
shoe magnet, as first shown by Mr. Marsh. Let us permit the 
circle C, fig. 9, 



to represent a transverse section of the pendant conducting 
wire, hanging between the north and south polar branches of 
the horse shoe magnet N, E, S, and that wire to be carrying an 
electric current downwards. By such an arrangement, the 
lower end of the pendant wire would be thrown out of the bed 
of mercury, in which it was immersed, in the direction of the 
three small darts. This deflection of the wire breaks the elec- 
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trie circuity and the wire falls down to the mercury and again 
closes the circuit. This done another impulse is givtm to the 
wire which is again deflected, and again the circuit broken : and 
in consequence of a succession oft alternate closings and openings 
of the electric circuit, the wire is kept exhibiting ito vibratory 
motions. If either the position of the magnet, or the direction 
of the current be reversed, the pendant wire is impelled in the 
opposite direction, or towards the bend E of the magnet. 

340. Now to account for these'motions of the wire, we have 
only to look at the arrangement of the resultant lines of the two 
systems of magnetic force, and examine their operations on each 
other, upon the principles of purely magnetic action. The four 
right lines with cross heads around the section of the wire C, 
may represent four resultant tangential electro-magnetic forces, 
and the long lines, (some straight and some curvetl) with cross 
heads, may represent resultants of the magnetic forces of the 
steel. (See also, figs. 62 and 63, plate ix. vol 1.) Now as the 
two electro-magnetic resultants wliich are parallel to the tw o 
branches of the magnet, have their similar poles in opposite 
directions, they neutralize each other as regards the action of the 
magnetic resultants of the steel: and have, tiierefore, no influence 
in moving the w'ire either one way or the other. Hence the two 
electro-magnetic resultants which are ]>ara]lel to the magnetic 
resultants of the steel, are they only w’hich are influenced by 
the latter, and tend to give motion to the wire. Then accord- 
ingly with the laws of magnetics, we find that on the right hand, 
as the tangential electro-magnetic resultant has its poles in the 
opposite direction to tliose magnetic resultants of the steel, whicli 
are situated on the same side of the wire, they will mutually 
attract each other, and as the wure is free to movei it wull be 
drawn in that direction which is indicated by the three small 
darts. Again, as it is found that, on the other side of the wire, 
the tangential electro-magnetic resultant has its poles placed in 
the same direction as those of the vicinal magnetic resultants ot 
the steel, they mutually repel each other, and consequently tend 
to drive the moveable wire C, in precisely the same direction as 
that in which it is drawn by the attractive forces on the other 
side of it. Hence as it is impelled in one and the same direc- 
tion by both the attractive ^nd the repulsive forces to which it 
is subjected, it must necessarily move in that direction alone. 

If the current were to be reversed in the wire its electro- 
magnetic forces would be reversed also, and the attractions and 
repulsions between those forces and the forces of the magnet 
would be transferred to the opposite sides of the wire, and would 
conspire in carrying it towards the equator E, of the magnet. 
And it is very obvious, by mere inspection of the figure, that 
any change in the position of the magnetic resultants of the 
steel with regard to the electro-magnetic resultants of the wire. 
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would be productive of* corresponding changes in the direction 
of the movements of the wire. 

To apply this theory to the explanation of the rotations 
which a magnet performs on its own axis when subjected to 
the electro-magnetic forces of a current, requires a knowledge 
of a fact which I produced some years ago, whilst contemplating 
those rotations. As the rotations of a magnet on its axis are 
performed in the same direction as its revolutions round a fixed 
conductor, when the electric current is in one and the same 
direction in both cases, it appeared highly probable that both 
phenomena are produced by similar operations of the two 
systems of magnetic forces : apd if so, then the electric current 
must necessarily traverse the axis of the magnet ; and operate 
t»n the magnetism of its exterior, as if the latter were composed 
of a surrounding system of small parallel magnets, whose indi- 
vidual axis would be all parallel to the axis of the steel, which 
could not only be the axis of the magnetic system, but also 
coincide with the axi^ of the electric current. Hence, by such 
a system, both the current and the magnets rotated together in 
the same piece of metal ; and if this^werg absolutely the case, I 
could see no reason why a system of magnets fixed to a central 
conducting wire, should not rotate upon the axis of the whole. 

342. To put tliis hypothesis to the test of experiment, I fitted 
up an apparatus which fig. 10, may very conveniently represent. 

To a stout verticdtl brass wire two Fig. 10. 

bar magnets N S, N S, are fixed, but 
without being in metallic contact with 
it. Round the centre of the magnets 
is placed aisbrass equatorial band or 
hoop C, which has a metallic con- 
nexion with the axial wire : but is 
insulated from the magnets. The 
Jixial wire is finely ]>ointed at both ex- 
tremities for the purpose of rotating 
freely in pivot holes ; one of which is 
in a little brass stud screw^ed into the 
base board, and the other in the lower 
end of a brass screw that passes 
through the horizontal arm of the 
brgss support Z Z. The iij)per end 
of that screw is furnished with a cup 
for holding mercury. When the zinc 
side of a single voltaic pair is in con- 
nexion with the extremities of the axial wire, and the copper 
side in connexion with the equatorial band, by the spring wire 
C, which presses gently against it, two distinct electric currents 
will traverse the axis of the system, each current occupying one 
half of it from the equatorial to the poles or extremities of the 
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axial wire : and the whole system commences a rapid rotation, 
«>n its axis, and in the same direction as I hrst showed that a 
bar magnet rotates on its axis by similar currents traversing it 
from its equator to its poles*. « 

S43. Having succeeded so satisfactorily with two magnets 
attached to the wire, I was desirous of carrying the analogy 
still farther, by making the system of magnets more complete. 
For this purpose 1 made eight narrow steel magnets, and distri- 
buted equally around the axial wire, by tying them against the 
carved surfaces of two cylinders of cork, through the centre of 
which the axial wire passed. The north poles of these magnets 
were all placed in one and the same direction ; and, conse- 
quently, all the south poles in the other. By this arrangement 
I had a compound hollow octagonal magnet ; whose axis was 
the axis of the vertical wire. 

The rotations with this system were precisely the same as 
with the former system of two magnets. When the system is 
inverted without altering the battery coi^nexions, as is easily 
done by the apparatus represented by fig. 1 0, the rotation ap- 
pears to a spectator to be inverted also .* though, in reality, it 
still proceeds in the same direction with regard to its own 
poles. 

344. From the uniformity in the results with all these differ- 
ently formed magnets, it is fair to conclude that the rotations of 
a solid bar magnet on its axis, are accomplished by a similar 
distribution of the magnetism of the bar around axial currents, 
to that in the compound systems above described : (341, 342, 
343), and that the whole of this class of phenomena result from 
a series of mutual efforts between the magnetic forces of the 
steel, and those of the conducting wire or its currents, to balance 
one another : or, in other language, from a mutual tendency of 
the magnet and the electric current to place the axis of the. 
latter in the plane of the equator of the former. 

345. It is now some years since I first published my views 
respecting the pulsatory character of electric currents : I now 
find that others are entertaining similar notions. By admitting 
electric currents to be pulsatory, we should have another ele- 
ment to assist us in the explanations of electro-magnetic rotations; 
but I have not availed myself of that element lest it should not 
yet be generally admitted. 

Roj al Victoria Gallery of Practical 
Science, Manchester. 

• See vol. 43, of the Transactions of the Society of Arts, Commerce, &c., 
also Fhi\, Mag. 
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On the Electricity of Effluent Steam, No. II. By W, G, Arm- 
strong, Esq.* 

In concluding my last communication on the above subject, 

I alluded to experiments which had then been commenced to 
try the effect of insulating the boiler and entirely condensing the 
issuing steam. These experiments have since been completed, 
and many others have also been tried which subsequently sug- 
gested themselves, all of which I shall now proceed to describe. 

The insulation of the boiler was effected by lifting the en- 
gine with screw-jacks, until the wheels were raised about six 
inches above the rails, and then supporting it upon four insu- 
lators whicli rested upon logs of timber. Each insulator con- 
sisted of three separate pieces of baked wood, coated with pitch, 
and liaving la^^ers of pitch and brown paper placed between 
them. The middle piece was made larger than the other two, 
so as to project beyond them, and thereby increase the surface 
without adding to the height of the insulator, which would have 
been dangerous ,* and the three pieces when put together formed 
a block. 

As soon as the engine was placed on the insulators, the boiler 
was filled With water, and the fire lightcnl, and as the pressure 
gradually rose in the boiler, the steam was occasionally suffered 
to escape. 

Tlie engine indicated no electricity whatever so long as the 
steam was confined in the boiler, but became negatively electri- 
fied as soqji as any escape was permitted. A very trilling escape 
proved sufficient to render the negative electricity of the boiler 
sensible, and when the steam was very freely discharged the 
negative development became exceedingly powerful. The sparks 
never much exceeded an inch in length, but wrere very large 
and brilliant, and, owing no doubt to the magnitude of the body 
from which they were drawn, they produced effects fully equal 
to those obtained by the use of an average- si zed Leyden jar. 
Some id(^a of their potency may be formed from the fact, that 
when not more than half an iiicli in length, they easily ignited 
a ])iece of cotton wool filled with i^wdered resin. 

p The greatest care was taken to ascertain whether the extent 
of the electrical development was at all dependent upon the 
density of the steam in the boiler ; and it was found thj^t when 
the discharge from the valve was so regulated in the different 
trials as to render the actual quantity or weight of steam ejected 
in a given time as uniform as possible, the negative electricity 
of the boiler increased a little with the pressure, but the posi- 


* From the Philosophical MngaziiK*- 
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tive electricity, drawn by the pointed conductor from the issuing- 
steam, increased e7iormously as the density of the steam was aug- 
mented. After the fire had been extinguished at the close of 
the experiments, and the pressure had subsided to six or eight 
pounds on the square inch, sparks could no longer be obtained 
from the conductor held in the steam, but the negative electri- 
city of the boiler continued to produce sparks until the steam 
was entirely exhausted, or as nearly so as possible. These re- 
sults appear to indicate that a jet of high-pressure steam is not 
in reality much more electrical than one of low-pressure steam, 
but merely that the electricity ot the high-pressure jet is more 
easily collected. 

The insulation of the boiler undoubtedly had the effect of 
diminishing the positive electricity obtained from the steam, but 
not to such an extent as might have been anticipated. 

A glass tube A (fig. 1), with a cock C affixed to it, having 
been insetted in the boiler in the manner described in my last 
communication,* another glass tube B, abc«Jt four feet long, was 
attached to the cock, and supported at the end furthest from the 
boiler by a glass ^od fixed in the insulating stool. A small brass 
cylinder D having a number of pointed wires projecting from 
one end into the inside, as shown in the rection (fig. .S), was 

Fig. 1. 



♦ See pai?-e 42 of the present v()lume. 
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points was affixed to the top of the tube E for the purpose 
of collecting the electricity of the jet, and from this wire a 
jiair of pith-balls was suspended. Another pair of pith-balls 
was in like manner suspendec> from a wire screwed into the 
brass cylinder, all w'hich arrangements will be clearly under- 
stood by reference to the figure. The cylinder, and a great 
part of each of the tubes, were enveloped in flannel, so as to 
prevent condensation as much as possible. The chief object of 
this apparatus was to test the electrical condition of the steam 
before it issued into the air, both when the boiler was insulated 
and when it w'as connected by a conductor with the earth. 
An iron bar was then placed against the engine to establish a 
communication between it and the ground, and the cock being 
opened, a current of steam mixed with water issued from the 
tube E. Under these circumstances both pairs of balls remained 
stationary, the electricity being probably carried off by the water 
which escaped with the steam. As the tubes became heated 
the quantity of water discharged with the steam was reduced 
to a mere spray, and* both pairs of balls then slightly diverged 
with positive electricity, the upper pair expanding rather more 
than the lower pair ; but upon ])artially* closing the cock both 
pairs of balls expanded fully three times as much as they had 
done when the cock was fully open ; and then gradually con- 
verged, arriving' at their original position after the lapse of 
about a minute. 

I was at first exceedingly pnzzled liow to account for this 
singular effect of attenuating the steam, but I now think it may 
be explained as follows. It is probable that the moisture of the 
steam whe^j the cock is fully open is sufficient to enable it to 
conduct a great part of the electricity of the jet back again to the 
boiler ; but that as soon as the temperature of the steam is re- 
duced by the attenuation below the temperature which the tubes 
have previously acquired from the high-pressure steam, its 
flryness is so far increased as to prevent the transmission of elec- 
tricity from the jet to the boiler, but not from the jet to the 
cylinder, which is a much nearer object. As the tubes cool 
down to an equality witl\ the steam the dampness returns, and 
the electricity is again in a great measure carried back to the 
boiler. • 

^The iron bar was then removed from its contact with the 
boiler so as^o restore its insulation, and the engine was ren- 
dered intensely negatively by a copious emission of steam from 
the safety-valve. The cock being again fully opened, both 
pairs of balls diverged strongly with negative electricity ; and 
by diminishing the escape from the valve to a certain point, and 
then partly closing the cock, the upper balls indicated positive. 
and the lower ones negative electricity. When the escape from 
the valve was entirely prevented, and the cock fully opened. 
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both pairs of balls remained in a collapsed state;, but on partly 
opening the cock they both diverged for a short time with posi- 
tive electricity to much the same extent as they had previously 
done while the boiler communicated with the earth by means 
of the iron bar. 

It is important to state that when the balls were repelled 
with negative electricity, they collapsed very considerably when 
the cock was touched by the hand, but when they diverged 
with positive electricity no effect was profluced by touching the 
cock, which strongly favours the supposition that the positive 
electricity manifested by the lower pith-balls, w’as conducted to 
the cylinder from the jet. 

A coil of lead pipe, immersed in a glass jar filled with wet 
snow, was then placed upon the insulating stool and connecte d 
with the tube B, after the brass cylinder had been detacheti ; 
and the iron bar was again placed against the boiler to suspend 
the insulation. Upon opening the cock to the full extent, little 
or no electricity could be discovered in the coil, but wh€?n the 
cock was partly closed, positive electricity appeared for a j4hort 
time and then faded a*^’ay exactly as in the experiments with 
the brass cylinder. Upon removing the connexion between the 
boiler and the earth, and raising the valve, the coil became highly 
negative, but upon closing the valve the negative electricity 
vanished. 

I have little doubt that the predominance of the nvgalivt 
over the jHJsiiive electricity in the above experiment is attribu- 
tal>le to the conducting power of the steam causing more nega- 
tive electricity to be conveyed to the coil from the boiler, than 
the coil w'fiuld acc|uire if the steam were a non-conductor. 
When negative electricity was in like manner so strongly mani- 
fested by the pith-balls in the experiments with the brass cylin- 
der, it was noticed, that afU‘r closing the cock while the interior 
of the tubes were bedew etl wdth moisture, scarcely any negative 
electricity w as transmitted to the balls, so that the conducting 
power must have been in the steam, ami not in the mere damp- 
ness on the glass. 

A vertical glass tube, about an inch in diameter, and between 
two and three feet long, w^as then screwed on to the cock in 
substitution of the tube 13. The lower part of this tube con- 
tained a number of pointed wires for the purpose of ^abstracting 
and imparting to the cock any electricity which the steam might 
possess on entering >the tube. When the cock was now fully 
Opened, flashes of light began to dart through the whole lengtli 
of the tube, from the cloud aljove it to the cock, and continued 
to do 80 as long as the cock remained open, both when the 
lioiler was insulated, and when it was connected with the earth. 
The steam in the tube w as perfectly transparent, and no mois- 
tur*^ could be seen on the inner surface of the alas?. 
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The visible transmission ot* electricity from the jet to the 
cock, in this experiment* furnishes convincing proof that the 
positive electricity which we find in the jet is not developed 
until the steam assumes the lorm of a visible vapour ; and it 
shows also that the steam, even in its transparent state, is, as I 
have already surmised, a tolerable conductor of electricity. 

I will now venture to offer such an explanation of the elec- 
trical phenomena of effluent steam, as 1 conceive to be most 
consonant with the experiments I have described in this and my 
p reced i ng com rn ii n i cation . 

Independently of the experimental proofs which have been 
adduced of the neutral state .of the steam up to the instant of 
its transformation into an opake vapour, the water and the 
steam must be so thoroughly intermixed in the boiler of a loco- 
motive engine, as to render it impossible for the steam to be- 
come electrified with positive electricity without immediately 
imparting it to the water. 

I assume, then, a^a fact, established both by reason and ex- 
periment, that the steam is in a ne\itral state in the boiler ; 
andU think that l am ecjually supportet^in sJlying, that it does 
not exhibit positive electricity, after leaving the boiler, so long 
as it retains its aeriform nature. 

We l€?arii from experiment that a development of negative 
electricity in the boiler accompanies the emission of the steam ; 
and since the negative development in the boiler is obviously 
independent of the subsequent condensation of the steam, it 
follows, that if the effluxion of the steam could be effected 
without permitting any condensation to take place, we should 
then have a development of 7iegaiivf* electricity in the boiler 
without any simultaneous development of positive electricity ; 
and in like manner if the ejcc*ted steam were subsequently 
condensed into water, we should then have a liberation of 
positive, electricity without a concomitant liberation of fiegalivc. 
electricity. 

I'hese conclusions are entirely incompatible with the theory 
of two electric fluids, but are quite reconcileable with the hy- 
pothesis of a single fluid. It seems perfectly rational and con- 
sistent with analogy to suppose, thift the immense augmentation 
of volume which takes place when water ex[)ands into steam of 
any ordinafy density, should occasion a greatly increased capa- 
city for electricity ; and consequently, that the quantity of elec- 
tricity which suffices to produce a neutral or saturated state in 
water, should be inadequate to sustain that condition when the 
water is converted into steam. Upon this supposition the 
st^m as it forms in the boiler will absorb electricity from the 
adjacent conductorslinjorder to acquire a 7icutral or salurafed 
state, and wdien by condensation it again becomes water, the 



;3io 


On the Electricity of Effluent tileam. 

electricity thus absorbed will necessarily be set free ; and lienee 
the positive electricity wliicli we find in the jet. 

Upon the same principle, if the boiler be insulated, the wafer, 
the boiler, and the uncondensea steam, wdll all be rendered 
negative, provided the steam be permitted to escape, but not 
otherwise ; for if the steam be confined within the limits of the 
boiler, the evaporation will not be attended with any increase 
cf volume, and the absorption of electricity will in consequence 
be prevented. In all these respects the theory exactly accords 
with observation. 

I am bound, however, to admit that the explanation which 
I have here advanced, involves certain conditions which appear 
somewhat at variance with experiment. In the first place the 
condensation of a given weight of low-pressure steam ought, if 
the absorption of electricity depends upon increase of volume, 
to liberate more positive electricity than the conclensatioii of 
an equal weight of high-pressure slcaffi ; and in the second 
place, the expansion of steam from one degree of density to 
another should, on the same principle, be accompanied by a 
development of negative electricity. Notwithstanding, how'ever, 
what has been advanced in favour of higli-pressure steam con- 
taining more electricity than steam ol low density, I think 
it quite possible that the reverse of this may be the fact ; 
for it is not at all improbable that a low-ipressure jet may 
conduct so large a portion of its electricity back again to the 
boiler as to make it appear to liberate less electricity than a high- 
pressure jet, while in reality it may developea great deal more. 
It is quite reasonable to suppose that ^the conducting powder of 
steam should be increased by rarefaction ; and besides, in order 
to make a fair comparison betw'cen the quantities of electricity 
liberated by tw^o jets of .steam, it is indispensible that they 
should discharge equal weights in equal times, and to effect this 
condition it re necessary to discharge a much larger volume when 
the steam is of low pressure, than when it is of great density, 
and by so doing we unavoidably increase the quantity of unva- 
porised water swept out of the boiler in conjunction with the 
steam, and thus improve the communication between the jet 
and the boiler, and at the sarr^e time cause a considerable disper- 
sion of the electricity. 

With regard to expansion producing negative electricity, I 
have certainly never detected such a result ; but I much ques- 
tion whether in any of the above experiments expansion was 
eflTected without an aqueous condensation sufficient to produce a 
countervailing effect ; or the insulation was ever sufficiently 
perfect to prevent feeble negative electricity being carried off, 
or overwhelmed by the positive electricity developed in the 
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Mr. Nicholson has zealously co-operated with me in the ex- 
periments 1 have described, and it is our intention to make a 
further attemjrt to clear up the difficulties which still embarrass 
the subject. • 

In connexion with the experiments which I have recently 
published on the electricity of effluent steam, it occurred to me 
that it would be well to inquii*e whether similar effects to those 
I have described, could be produced by compressing common 
air in a receiver, and then suffering it to escape in a jet, in the 
same manner as steam had been discharged from a boiler in the 
experiments alluded to. With this view, therefore, I condensed 
about eight atmospheres into a strong vessel, the capacity of 
wliich was nearly six quarts ; I then insulated the ves.sel, and 
tlischargcd the air through a glass tube which I had previously 
inserted for the purpose. 

On the first trial 1 obtained no indications of electricity what- 
ever, but upon repeating the experiment on a subsequent day, 
the insulated vessel ^became so highly electrified, when the air 
was discharged, as to yield sparks fully a quarter of an inch 
long. I afterw'ards tried the same exp^’imefit a great number 
of times, and, strange to say, the electricity of the vessel though, 
generally ne^athe^ occasionally proved to be positive^ Some- 
times the electricity w'as very strong, and sometimes very weak, 
and frequently I could get no electricity at all. By means of 
an insulated conductor terminating in a number of points, I 
.ilso obtained electricity from the ejected air, and found it to be 
posilive every time I tried it. 

I more frequently succeeded in producing an electrical de- 
velopment^when the receiver was cold, and contained a little 
inoisture, than when it was warm and dry, so that it is not im- 
probable that evaporation may even here be the source of the 
electricity. I am by no means sure, however, that my better 
success when tlie receiver was cold and damp, was not mere 
chance, and I only mention the circumstance as a suggestion to 
persons who may think proper to repeat the experiment. 


• J^lcctricity of Steam. By Mu. Con die. 

Mr. Condie, s.ays, that, for the purpose of trying for the elec- 
tricity of steam from one of the boilers belonging to the Blair 
Iron Works, he placed himself on an insulating stool, consisting 
of a board resting on three glass bottles. Having in one hand 
a long iron rod, furnished with four sharp points at the farther 
extremity, which lie held in a jet of steam issuing from the 
safety valve of the boiler. When the points were held about 
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lO or 12 iiMihes from the valve, sparks of half an inch in length 
could foe communicated from the knuckles of the operator to 
those of the surrounding ofoservers : fout as the pointed extrem- 
ity of the rod was raised in the* cloud of steam to afooiit six or 
eight feet above the valve, the sparks foecaine more vivid and 
increased in length to about an inch and a half ; and were nearly 
as stunning in their effects upon the arms as the shocks from a 
moderately sized Leyden jar. In the evening, when the experi- 
ment was resumed, the corners of the foot board presented 
beautiful brushes of electrical light of two or three inches in 
length, and the hairs of the head and of the clothing*’or the ex- 
]ierimenter became tipped with the liiiiiinous matter. Sparks 
of two inches long, and of great ]>owei* were then obtained. 
These very interesting experiments were made upon the steam 
of boilers of i>2-feet long by (5-feet diameter,* each. 1 he 
first set of experiments were made when the steam pressure 
was 121b; and afterwards with a pressure of per square 

inch. The effects obviously increased witli the increase of 
pressure^. 
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Papei' read Novcmljer 1!>, 1840, 

On thu Theoretical lExplnnation of an apparent new Polaritp in 
Light, By Georoe B. Airy, Esq., M.A., V li.S., Astronofner 
Hotfol. ’ 

In a paper published in the second part of the Philosophical 
Transactions for 1840, the author explained, on the undulatory 
theory of light, the phenomena observed by Sir David Brewster, 
and apparently indicating a new polarity in light. That ex- 
planation was founded on tVie assumption that the spectrum was 
viewed out of focus ; an assumption which corres|i»ondcd with 
the observation of the author and of other persons. But the 
author having, since the publication of that memoir, been assured 
by Sir David Brewster that the phenomena was most certainly 
observed with great distinctness when the spectrum was viewed 
so accurately in focus that many of Frauenhofer's finer lines 

* W© have made several experiments on the steam from boilers of steam 
engines, the particulars of which will be given in the next number. Edit. 
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could be seen, he has continued the theoretical investigation for 
that case, which had been omitted in the former memoir, 
-namely, when the spectrum is viewed in focus ; and he has 
arrived at a result, which appears completely to reconcile the 
seemingly conflicting statements, and to dispel the obscurity in 
which the subject had hitherto been enveloped. 

DescrijHion of the Electro*Magnetic Clock. By 
C. Wheatstone, Esq., F.R.S. 

The object of the apparatus forming the subject of this com- 
munication, is stated by the author to be that of enabling a 
single clock to indicate exactly the same time in as many differ- 
ent places, distant from each other, as may be required. Thus, 
in an astronomical observatory, every room may be furnished 
witli an instrument, simple in its construction, and therefore 
little liable to derangement, and of trifling cost, which shall in- 
dicate the time, and beat dead seconds audibly, with the same 
precision as the stai^ard astronomical clock with which it is 
connected ; thus obviating the necessity of having several clocks, 
and diminishing the trouble of winding ijp and regulating them 
separately. In like manner, in public offices and large estab- 
lishments, one good clock will serve the purpose of indicating 
the precise time in every part of the building where it may be 
required, and an accuracy ensured which it would be difficult 
to obtain by independent clocks, even putting the difference of 
cost out of consideration. Other cases in which the invention 
might be advantageously employed were also mentioned. In 
the electro-magnetic clock, which was exhibited in action in the 
apartments^t the society, all the parts employed in a clock for 
maintaining and regulating the power are entirely dispensed 
with. It consists simply of a face with its second, minute and 
hour hands, and of a train of wheels which communicate motion 
from the arbor of the second’s hand to that of the hour hand, in 
the same manner as in an ordinary clock train ; a smalt electro- 
magnet is caused to act upon a peculiarly constructed wheel 
(scarcely capable of being described without a figure) placed 
on the second’s arbor, in such manner that whenever the tem- 
porary magnetism is either produced or destroyed, the wheel, 
and consequently the second’s hand,*advance8 a sixtieth part of 
its^re volution. It is obvious, then, that if an electric current 
can be alteifiately established and arrested, each resumption and 
cessation lasting for a second, the instrument now described, 
although unprovided with any internal maintaining or regula- 
ting power, would perform all the usual functions of a perfect 
clock. The manner in which this apparatus is applied to the 
clocks, 80 that the movements of the hands of both may be per- 
fectly simultaneous, is the following. On the axis which carries 
the scape-wheel of the primary clock a small disc of brass is fixed, 
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which is first divided on its circumference into sixty equal parts; 
each alternate division is then cut out and filled with a piece of 
wood, so that the circumference consists of thirty regular alter- 
nations of wood and metal. Mi extremely light brass spring, 
which is screwed to a block of ivory or hard wood, and which 
lias no connexion with the metallic parts of the clock, rests by 
its free end on the circumference of the disc. A copper wire is 
fastened to the fixed end of the spring, and proceeds to one end 
of the wire of the electro-magnet ; while another wire attached 
to the clock-frame is continued until it joins the other end of 
that of the same electro-magnet. A constant voltaic battery, 
consisting of a few elements of very small dimensions, is inter- 
posed in any part of the circuit. By this arrangement the 
circuit is periodically made and broken, in consequence of the 
spring resting for one second on a metal division, and the next 
second on a wooden division. The circuit may be extended to 
any length ; and any number of electro-magnetic instruments 
may be thus brought into sympathetic action w ith the staiulard 
clock. It is only necessary to observe, *that the force of the 
battery and the proportion between the resistances of the electro- 
magnetic coils and those of the other parts of the circuit, must, 
in order to produce the maximum effect with the least expendi- 
ture of power, be varied to suit each particular case. 

In the concluding part of the paper the author points out 
several other and very different methods of effecting the same 
purpose ; and in particular one in which Faraday’s magneto- 
electric currents are employed, instead of the current produced 
by a voltaic battery : he also describes a modification of the 
sympathetic instrument, calculated to enable it to/ict at great 
distances with a weaker electric current than if it were con- 
structed on the plan first described. 

ROYAL VIOTORIA GALLKUY OF PRACTICAL SCIENCE, 
MANCHESTER. 

CONVERSAZIONE, FEBRCAIIY ^TH, 1841. 

.1. A. Ransome, Esq., in the Chair. 

On the Human Eye, and Vision. By R. T. Hunt, Esq., 
Surgeon, Spc. ^ • 

Mr. Hunt’s lecture, was illustrated by some very 
beautiful coloured drawings and diagrams, exhibiting the ex- 
ternal and internal structure of the human eye ; the form 
of the pupil at different ages ; the inverted images of outward 
objects ; views of the cornea and pupil in different positions, 
Ac. and also by an anatomical model of the eye, and a little in- 
strument like the human eye, and constructed on the same op- 
tical principles, which exhibited the inverted images of external 
objects. 
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Mr. Hunt commenced by noticing the external form of 
the human eye, composed of two segments of spheres of dif- 
ferent diameters ; and he then entered into a popular description 
of the several coats and humours of which the internal eye 
was formed, the coats being the containing parts, the humours 
the parts contained. The humours were the aqueous, the 
lens (or crystalline), and the vitreous. The dark membrane 
was a very beautiful structure, being required for the pur- 
pose of obscuring all the internal parts of the eye for optical 
purposes, just as in the camera obscura the interior of the 
box was blackened. Next within this was the nervous 
structure of the eye, the retina, upon which depended the com- 
munication ot those impressions to the brain which constitute 
vision. The retina was connected with the optic nerves, con- 
necting the eyeball with the brain, by means of which com- 
munication vision took place. The retina which lined the eye 
from the external part of the lens, entirely tlirough the whole 
back part of the eye, was similarly external to the vitreous hu- 
mour, and was perfectly transparent in the living eye, so that 
the black membrane was seen through it, giving the black 
colour to the centre of the pupil. H^ing* thus noticed the 
chief circumstances connected with the general arrangement of 
the eyeball, he would next advert to the manner in which they 
appeared to be made conducive to vision. It was not his inten- 
into to enter into any general account of optics : it would be 
sufficient to state, that light entered the eye, and passed into its 
interior ; and when it arrived at the lens, it was caught up in 
such a manner, that, in an instrument like the eye, a perfect 
image was formed of every object placed opposite to the front 
of it, by ihose rays which could enter through the interior 
transparent part and the chambers of the eye, so as to fall 
upon the retina. Nor should he enter upon the theories of 
light, as to whether it was a material substance which entered 
into the eye in a material form, passing to the retina, or whether 
it consisted of undulations or vibrations which acted upon the 
membrane in front of the eye, and passed through the aque- 
ous humour to the lens, and thence through the vitreous 
humour, so as to make an impression upon the nerve of vision, 
which conveyed this impression to the brain constituting 
sight. Probably the use of the vitreous humour was chiefly 
to. keep the delicate retina spread out and free from all wrink- 
les, so thaP objects might be represented equally throughout. 
He repeated, the retina was not opaque like ground glass, as it 
was generally described, but perfectly transparent, and it was 
the only instance in any animal body of a nerve being perfectly 
transparent. If it were not, it would interfere with vision. 
[^The lecturer then explained the optical instrument made to 
resemble the eye, and to produce an inverted image.] Any 
one looking into the eye of a friend looked quite through the. 
retina, and saw the black membrane which lined the entire in- 
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terior of the eye. There was one common error to which he 
would allude, and which was even continued in able works,-— 
viz. that a distinct picture of the object is formed on the retina. 
This he must totally deny. He would admit that a picture was 
formed in an instrument constituted like the eye, and even in 
the human eye after death ; but, during life, the supposition of 
the appearance of any picture on the retina was totally at vari- 
ance with the truth. It would take too much time to enter 
into the arguments in support of this view to any great extent ; 
but he felt it incumbent upon him to state what he considered die 
manner in which vision took place. All the senses were alike in 
one respect : they consisted of a number of material organs me- 
chanically arranged, for the purpose of transmitting particular 
impressions to the brain, by means of the nervous system. But 
these organs could only convey material impressions ; and the 
only difference between touch, considered one of the simplest, 
and sight, one of the most complicated, organizations of sense, 
was, that in touch the object or substance which produces the 
impression is applied to the nerve, and pkiced in contact with 
it; but in sight, afe well as in sound, the objects which produce 
the impressions al*e not applied to the nerve ; but a material 
substance which we call light, which in some way or other 
conveys different impressions, which produce the effect wc 
call vision, to the rt^tina, and that conveys them to the brain 
through the intervention of the optic nerve. If we can trace 
distinctly that it is not necessary for a picture to be formed 
upon the retina, of course that would account at once for what 
would otherwise be a contradiction, that the apparent structure 
of the retina allows the eye to act as a perfect optical instru- 
ment, and that all rays of light impinge upon thee retina, but 
when they come there, do not stop ; but by means of a material 
impression being conveyed to the optic nerve, that nerve con- 
veys the impression to the brain. This may be distinctly shown 
by the fact of material pressure, or even a blow, not causing 
any pain or feeling of contact or touch, but causing a distinct 
impression of light to the individual. He would notice another 
beautiful arrangement : — When looking at an object, we did not 
appear to be looking out of a window or through a frame, at 
the whole scene, but we look at one part more, and at the sur- 
rounding parts of the' landscape less, distinctly ; and, if 
we want to see the other parts, we must alter the position 
of the eye, so as to throw the object sought? upon that 
part of the retina best adapted to receive the impression. And 
the structure of the retina was found to correspond with this 
sftate of ..things. Another circumstance connected with the ap- 
pearance of objects was that of the inversion of the image of 
the objects seen. This took place in the instrument made to 
resemble the eye, and in the eye itself , and it liati been, and 
perhaps was yet, difficult to account for the inverted image. 
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The idea of the law of visible direction, and that of the habit of 
correcting this disposition, were equally erroneous ; and no one, 
who had attended to the phenomena of vision, would think 
either sufficient to account foi^ this appearance. There was no 
doubt whatever that we saw objects upright ; and all the rea- 
soning ever brought forward, either in support of the opinion 
that this depends upon the habits ot the individual, or upon 
the laws of visible direction, would never convince any one to 
the contrary. But it had latterly been attempted to be shown, 
that the arrangement of the structures between the eye and the 
brain was of such a curious nature, that we might account for 
the rectification of position, by referring to those structures. 
The impression of visible objects, passes not only to tlie lower 
part but to the back part of the brain. After it has entered the 
skull, the nerve of one side unites with the nerve of the op]>o- 
site side ; and from this union there is a continuation of the 
nerves backw^ard to the posterior side of the brain, with which 
they are connected : and immediately adjoining that part, the 
brain, which is in ^wo Iialves, is united by a distinct bridge of 
nervous matter. I’he way this bears on the phenomena of 
vision is, that, if we trace the fibres farws the junction be- 
tween the two optic nerves, we find that there they change 
place ; the fibres which came from the upper part of the retina 
proceed to the lower part of the sensorium, and ince versa. 
Besides tin's, as the nerve passes backward, there is again a 
union just at its point of junction with the brain, or of the two 
sides of the brain to the part where this peculiar nerve arises. 
These circumstances have not only led some to suppose, that 
the inversion of the object is rectified by the optic nerve at this 
point, bui also that the obliquity or crookedness of objects, be- 
cause of the concavity of the retina, was also rectified. It was 
their opinion, that at the back part of tlie brain, near the junc- 
tion, there was also some intricate arrangement which regulated 
or rectified these incorrect forms of impression ; and we know 
that we see and distinguLsh the ditference between a straight 
and a curved line, though all the impressions upon the retina 
must be curved. Another interesting circumstance connected 
with this junction of the nerves, till of late years, has not re- 
ceived much attention. We were in the habit of looking con- 
stantly at objects with both eye^ alid yet we saw but one ob- 
ject. If we present but one eye, we can see two objects ; but 
in perfect sight it appears as if we saw but one. This arrange- 
ment in the interior of the brain at the junction of the nerves, 
is probably connected with the rectification of curved lines ; but 
the posterior junction of the brain is supposed by some writers, 
particularly by Dalrymple, to be the junction which combines, 
as it were, the two impressions into one. In looking at any ob- 
ject, there is as distinct an impression made on ilio right as on the 
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left eye, so as to make two impressions ; they are conveyed aioug 
to the junction, and afterwards, when they come to that part of the 
brain upon which the consciousness of vision depends, they are 
combined and united into one- ^nd what gave great probability 
to the suggestion was, that, in the other senses of hearing, taste, 
and smell, the nerves were connected in the brain by similar junc- 
tions. It was most probable, therefore, that this posterior junction 
was the one which had relation to seeing objects singly, and that 
the interior junction altered the position in which impressions of 
objects were formed upon the retina, not only with respect to their 
inversion, but also as to their curved appearance. How the oj)tic 
nerve transmitted to the brain the impression produced on the 
retina, causing the particular sensation of sight or vision, wc know 
not ; we merely know tliat the eye is a living optical instrument, 
which receives iinpresssions of outward objects ; and that there is 
a beautiful arrangement of nervous structure, which carries them 
to the brain j but here we must stop: how the impression is trans- 
mitted must probably always remain liidden, as it ap})eaTs beyond 
human power to comprehend. This showet^ however, how very 
insufficient any consideration was, tliat the mt're arrangement of 
mechanism could g}*ve that degree of consciousness necessary to 
the perfonnauce of this beautiful function. He had also to notice 
a very beautiful mechanical arrangement in the iris (that ])art 
which gave to the eye its colour of black, gray, blue, or ba/el) ; 
the pupil was nut always the Siuiie size,it increased and diminished, 
or, in technical language, contracted or diluted ; but in eitVier ope- 
ration it always maiiUaiiied the same form, by moans of the me- 
chanical adaptation of a number of radiating fibres, running from 
the centre towards the margin of the iris ; which by their action 
dilated the pupil, by drawing the edge to the oute'r part, and other 
fibres contracted the pupil by drawing the margin nearer the centre. 
Now, a bag, if drawn together by a number of strings, would be 
puckered ; and nature .seems to have jirevcnted this puckering in 
the pupil, by means of nuni])ers of .short fibres connected with the 
radiating fibres, and thus prevent the puckering whicli w'oiild other- 
wise take place. Tbe-ne fibres were not distinctly seen in the 
human eye ; those appearances which w^ere visible being merely 
occasioned by the blood vessels and nerves of the eye. Light en- 
tering the eye through its interior chambers, the use of the dilata - 
tion and contraction of ihe^p^pil was to moderate and regulate the 
quantity of liglit admitted ; so that, if the light was so very strong 
and brilliant that it would be. injurious to enter the ey^ fully, the 
pupil contracts, to limit the (]iianiity of light to be admitted. If 
the light be dull, the pupil dilates, in order to collect and admit of 
as much light as possible. Throughout the eye, then, there were 
everywhere visible the most beautiful order and arrangement. A 
strong outer case, including all the parts, having a window in front 
to admit the light, which entered so as to produce an exact im- 
l^ression of outw^ard objects upon the nerves of the eye by means 
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of its different fluids, the acjueous, cryslaline, and vitreous humours ; 
so as to bring the light (whether a material body or a mere vibra- 
tion) in that exact state upon the retina, which should produce 
those changes which were necessary, when the impression was con- 
veyed to the brain, to constitute perfect vision. The eye, as liv; 
had said, was lined with a black membrane round it, which ab- 
sorbed all the light that would otherwise interfere with perfect 
vision, and the perfectly transparent nerve of the eye lay within 
this black membrane. These might be regarded as the material or 
mechanical arrangements for vision; for the transmission of an 
object on the retina by means of the optic nerve to the brain was 
perfectly mechanical, and continued so till it reached the place 
where consciousness was produced, and there, at least, it w'as per- 
haps a wise provision of the Author of our being that we should 
know nothing further ; as, after all our researches into this and 
other kindred subjects, wc could only come to one conclusion, that 
“ we are fearfully and wonderfully made.” — (Applause) 

Mr. P. H. Holland was sure but one opinion could exist as 
to the propriety of giving the thanks of the meeting to Mr. 
Hunt for his interesting communication ; an^ the directors and 
members of the institution were the mo/e particularly indebted 
to the lecturer, when, as in this case, one not immediately con- 
nected with it, devoted his time and talent to their service. — 
Mr. G. S. Fereday Smith seconded the motion, which passed 
unanimously. — The chairman, in conveying the thanks of the 
meeting to Mr. Hunt, said, lie should he glad to hear any re- 
marks from any one present ; and he was sure Mr. Hunt would 
he glatl to answ'er any questions, or to give further explanations, 
if any part of his lecture was not clear, which, however, was 
not very likely. — Mr. Hawkshaw wished to ask in what respect 
the living eye differed from the dead one, so that no image was 
formed on the retina of the living eye. He could not precisely 
see the use of the black membrane^ if no image was formed in 
the living eye. Of course, he was aware there must be a point 
in all these inquiries, where mechanism must stop, and mind 
must begin to operate ; but, if the mechanical operation stopped 
before an image was formed, then he could see no necessity for 
the black lining or membrane. — Mr. Hunt said, that, if he 
wished to produce an image in th^camera obscura, we should 
never choose a black screen ; for, if the image were thrown 
u[)on a perfectly black ground, the colours were confused or 
made indistinct ; and therefore, in the original camera obscura, 
a darkened room, with a wall at a right focal distance from a 
hole in a window shutter, a white screen was used. Then if it 
were true that an image was formed upon the retina ; if a white 
surface was opposed to the retina, it ought to produce a white 
surface on the retina ; and if the whole side of a room were 
white, this whiteness ought to be seen as the colour of the retina 
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by the eye of an observer looking in front. This did, in fact, 
take place in any instrument which resembled the eye, and in 
the eye of the cow or the sheep, if examined a certain time after 
death. But this white appearaftce could not be produced in 
the retina of the living human eye, and it was an experiment 
that might easily be made. He did not believe, that it was at 
all material that an image should be formed on the retina, be- 
cause no one would suppose that all images formed on the retina 
were conveyed to the brain ; and, therefore, it must be some 
action that takes place in this nerve which produced the im- 
pression in the brain to which we owed the sense of sight. If 
that was the case, then there was no necessity for an image on 
the retina. He feared he liad been misunderstood, has the sub- 
ject w'as a difficult one ; but he believed, that whether light 
entered the eye, passed through the transparent structure, and 
touched the retina, or whether mere vibrations or undulations 
from the light impinged on the front of the ^Ve, this impression 
was quite sufficient to account for vision, and this impression 
was made exactly as an image w'ould be made. Hays from a 
large object entering the eye would produce impression at dif- 
ferent distances from smaller objects ; but he thought there was 
some foundation for saying, that no image was actually produced 
on the retina. 

Mr. Makinson said, that, as individuals advanced in years, 
they were obliged to use spectacles or glasses. Was this owing 
to the conformation of the eye, or the crystalline lens, or the 
aqueous humour, being altered ? 

Mr. Hunt said, some cf his diagrams exhibited views of the 
lens of the human eye at difierent ages — one the fonu at birth, 
the second at about six years of age, and the third at a maturer 
period of life. A similar degree of development occurred in the 
other structures and tissues of the eye. Up to maturity the lens 
retained its orbicular form butmfterwards it became very much flat- 
tened, and assumed a diflerent form in the later period of life. 
But perhaps what led very much to tlie alteration of sight was the 
alteration in the front of the eye or comers. This being more or 
less convex produced a different vision. If very convex, the in- 
dividual was near-sighted : and if neaily in the natural state, it 
was flatter rather than the r^erse ; one cause whence it arose was 
from the cornea not being so fully filled in old age. If the eye^is 
too much used at an early period [at a short focal distdnee] — if an 
individual is e^aged at an early period of life, in learning of any 
kind, which requires the constant a])plication of the eye to small 
print, he thought this would account for a tendency to near- 
sightedness ; and he thought many gentlemen present would bear 
him out in the notion, that the present rage for the over-cultivation 
of the infant mind was one reason why there were now so many 
more cases of near-sightedness than formerly ; as the eye was en- 
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gagctl in examining minute objects before it was fully developed. 

Mr. William Read asked whether the same or analogous pro- 
cesses of vision obtained with all animals in the same mediiivn as 
man. * 

Mr. Hunt said, the eyes of birds differed considerably from the 
human eye, and those of insects still more so. The eye of the 
dragon fly contained, he might say, some hundreds ot united eyes. 

jMr. P. II. Holland said, that an explanation had been attempted 
why the inverted imago on the retina should not convey an inver- 
ted image to the brain. Mr. Hunt’s explanation was quite as in- 
genious as others of the same character, which had been started by 
a succi^ssion ot physiologists, to explain a fact which it appeared to 
him (Mr. Holland) required no explanation. We saw objects in 
the riglit way because we bad no notion of up and down, than 
what arose from the relative situation of objects to the surface of 
the earth, 'fliat this was the correct explanation might be told 
from the fact, that when the position was changed, and the indi- 
vidinil was lying on hi^ side, he was never in the least incommoded, 
though the image on the retina was from right to left. He at 
once referred the bottom of the object to ^lie gfound, and the top 
to the sky. It appeared to him not to require any anatomical 
arrangement to nwerse the image. We were liot conscious of 
any imjnession upon the retina. We knew nothing at all but 
that we saw ; that we saw by our eyes was a matter of reasoning, 
nnd it a]>pearod to him that physiologists had created the diffi- 
culty. 

Mr. Hunt said, that Mr. Holland's exposition had prevailed 
for many hundred years ; it had been thoroughly investigated 
by men ev<fry way competent to conduct such an enquiry, and 
it had now been thrown aside for a length of time. No one 
could convince him, by reference to habit or to any circumstance 
of education, that the inverted image or impression gave a di- 
rect sensation of the upright image, unless by means of some 
anatomical arrangement. Mr. Holland, if satisfled of the truth 
of his views, should also be fully satisfied that there was no 
such thing as perspective. He (Mr. Hunt) believed that the 
sense of sight required a great power of reasoning, which took 
place at a time when the individual was not in a state to give 
the result of his reasoning to the world — viz., before the time of 
speech. He believed there was a very rapid development 
of the eye iS the first years of life. We saw young children 
try to lay hold of things beyond the reach of their hands ; so 
in the same manner they were led to connect distance with the 
appearance of the object. The case of Cheselden's, which had 
been related so often, where an individual born perfectly blind 
was restored to sight by an operation, and where, the disease 
being congential, he had never learned to see, showed that such 
an individual believed every thing he saw to be like a picture. 
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and he had no more idea of a tree a mile oflT^ than of one only 
three inches distant. He believed every thing to be a flat sur- 
face, as if painted on a wall. Those circumstances should be 
taken into account before' doubt w'as thrown upon a new view 
of physiological facts. 

Mr. Holland said, he was not bound to deny the existence 
of perspective ; which, so far from being contrary to the views 
he had stated, was the very argument he w’oiild have used to 
support them. We saw distant objects appear smaller and 
more indistinct than when nearer ; and the inference that the 
distant objects are as large as the near ones, is solely a matter 
of reasoning, conscious or unconscious as the matter might be. 
We see an object ; we infer at a glance that it is at such a dis- 
tance ; we refer it to the distance at which we know^ it would 
assume such appearances, and we thus rectify what would be an 
incorrect inference if we went by sensation only. Mr. Hunt 
had referred to a case in Cheselden ; but might not every body 
see every thing flat, and infer it was not flat because they had 
been taught otherwise. That objects were not all i^lane sur- 
faces was matter of ed*acation. If objects w’ere exactly drawn, 
and shaded, as we knew by the instance of the diorama, it re- 
quired a great effort of the mind to think we saw them flat. 

Dr. Fleming differed wholly with the last speaker as to the 
image on the retina being transmitted thence to the brain. He 
did not see thfit this was at all a legitimate subject for the exer- 
cise of hypotheses. He believed truth w as never more advanced 
in the world than by taking facts in opposition to reason. We 
had the fact, that the nerve receiving the impression of the 
upper part of the object was traced to the same position in the 
brain, or sensorium ; which to him seemed a sufficient explana- 
tion, and one which did not leave room for hypotheses. 

Mr. Hawkshaw said he should be glad to have explained why 
the image seen on the retina after death was not seen in the 
living eye. 

The Chairman said this had been already explained by Mr. 
Hunt, who had stated that the retina, instead of remaining 
transparent after death, IJ^ecame opaque, or like the screen of 
gpround glass in a camera obscura. He believed that Mr. Hunt 
was correct in stating it as a fact that no image was 

formed within the dark chamber of the eye. H^ (the chair- 
man) could mention an analogous case occurring in the new 
jpifocess of the daguerrotype. If the images in the camera 
'IfOlige. Uirown on a white screen, they were found to be beauti- 
distinct ; but when the prepared plate was introduced, 
being of a darker colour, viz., a golden hue, the distinctness of 
the image was very much diminished ; so mnch so, that, when 
the objects were not strongly illuminated, he could not sec 
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th^in at all ; yet, giving it a proper time, the impression of the 
objects which we could not see was nevertheless so completely 
conveyed to the surface of the plate, as to enable us to form 
beautiful specimens. • 

Mr. Walker, surgeon, said he had made experiments with the 
eye of the sheej>, by removing a small portion of the poBterior 
part of the eye ; and he found, that, even after the removal of 
the retina, the image was still visible. He thought that all the 
contrivances which were so apparently for the production of the 
image, would not have been found, if really there was no image 
there. 

The Chairman said, the image could not be seen, of course, 
in tlie internal part of the surface of the membrane, as it could 
not be received upon a dark membrane ; and as the retina itself 
xvas transparent, where were we to look for the image ? 

Mr. Hunt said he thought it would be found, that the parts 
of the eye which remained, and through which the light passed, 
were perfectly transparent ; and it would be necessary to form 
a screen of |,some kind for the image to be fixed upon ; and 
tlierefore, although the aqueous humouv, the^ens, and tlie vitre- 
ous humour, would act in the same way as usual with respect 
to converging and diverging the rays of light, yet we must 
place a piece of white paper or some other material to receive 
the impression upon it. He did not intend to controvert the 
fact, that the image was formed in an instrument like tlie eye, 
or in the dead eye ; but it could be shown distinctly, that, if it 
did take place in the living eye, it would lead to confusion of 
vision. Mr. Walker had said, that he did not see the use of all 
this arran|fement for producing particular impressions upon the 
retina, unless a distinct image were formed there. But, if 
sucli an impression was not provided, we never could see ; and 
he had stated distinctly, that the material impression upon the 
retina was conveyed by the optic nerve to the brain by which 
the impression was transmitted to the mind. All these impres- 
sions were arranged exactly according to the laws of optics ; a 
large object would make a large impression upon the retina, a 
minute object a small impression ; and, therefore, the converge 
ing powers of the lens and the vitrqpus humour were necessary 
in order to arrange the impression m that way upon the retina 
which would convey to the brain all those circumstances which 
were necessary in order to ensure perfect vision. 

Mr. ^Walker said, that the fact remained that there was an 
image, which he had seen after the retina had been removed ; 
an image in the eye exactly corresponding with the objects in 
the external world : and, therefore, the positicai as to the exist- 
ence of such an image was partly tenable. 

Mr. Hawkshaw said, that Mr. Hunt considered the impres- 
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sion made was not a visible impression ; but of course an im- 
pression must be made- 

The Chairman said, the impression was not visible to another. 
As to the experiment where the retina became opaque, we must 
expect to find the vitreous humour also become opaque. There 
must be a screen of some sort, or there could be no image ; it 
was necessary in phantasmagoria to create a sort of screen of 
smoke upon which to throw the image ; and in Mr. Walker's 
eX 2 >eriment he should rather suspect some little opacity in the 
membranes. 

Mr. Sturgeon said, I am exceedingly glad. Mi. Chairman, to 
hear you state, that facts will always have a great weight in 
discussions on such subjects as that before us ; and, therefore', 
I will venture to point out a fact of considerable importance, 
concerned in the formation of images by lenses, whicli I have 
not heard noticed this evening. I believe it is admittetl by all 
parties who have entered into this interesting discussion, that, 
within the eye, and close to the postt'rior .«»/de of the iris, thert^ 
is a lens, w'hich receives those rays of light that have jiairsed 
through the pupil. TKat being conceded, tlu'ii, as that lens is 
a double convex y it will exercise the same functions in the form- 
ation of images as those exercised by convex lenses generally. 
Its being a fluid lens is a matter of no consequence ; for it is well 
known, that images are as decidedly formed by fluid lenses as 
by lenses of .solid glass. Now the fact 1 have to mention is this : 
the functions of the crystalline lens of the eye are ciitirely inde- 
pendent of the presence of the retina ; and images w ould he 
formed as correctly without the retina as with it. Indeed, 
the most correct images that convex Icn.ses are vnpable of 
forming, are in those cases in which no screen is emplo^^ed. 
The images formed in the tube of a telescope, and in the hotly 
of a compound microscope, are far more perfect than any that 
can be formed on a screen. These images are l‘ormc'd in the 
air, and would be as decidedly formed if no air were }ircscnt. 
Hence, a screen on the posterior side of the c'ye-ball is not essen- 
tial to the formation of images by the crystalline lens. Indeed, 
tlie most perfect image that the eye is capable of producing 
must necessarily be fornied^in the transparent vitreous humour 
in front of the retina ; ai^d when the image is formed at the 
most suitable distance from the retina for the functions of that 
membrane to be brought into proper operation, so as to collect 
the necessary impressions for conveying the intelligence to the 
sensorium, through the medium of the optic nerves, it is highly 
probable that distinct vision will be formed. 

The Chairman said, that Mr. Hunt did not deny that an 
image was formed, but only that it was visible to others. Mr. 
Hunt's image was very like that which Mr. Sturgeon spoke of 
as being formed in the air. It was essential to the well acting 
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of the telescope but no one except the person looking could 
see it. 

Mr. Sturgeon said that the eye in that case would be the 
exact position of the2f)ptic nefve^with respect to the image in 
the vitrious humour. 

Mr. Hunt said, he had never heard any intelligent person 
deny the formation of the image as presented to the dead eye, 
but still he held that it was not by means of a coloured image, 
supposing there were one ; he did not believe that was necessary 
to vision, so far as the brain was concerned ; but the impression 
conveyed by light to the retina was thence conveyed by tlie 
optic nerve to the brain, and this caused vision. No one would 
say, that the image itself was actually conveyed to the brain. 
Mr. Sturgeon would not surely s*ay, that the different colours 
were conveyed by tlie optic nerve into the brain ; but rather 
that the n6rve had some particular action which conve^^ed the 
impression to the] brain, and so rendered it conscious of tlie 
image upon tlie If the optic nerve had this pow'er, 

another nerve might have the power“to receive the impression, 
and convey it forward. If the retina wer# an (]^pa(pie white struc- 
ture, all those different objects would be represented upon it as 
in the camera obscura. 

Dr. Black was exceedingly indebted to Mr. Hunt for his 
interesting lecture and statements. He thought some diflerence 
of o})iniciii migfit arise from the different meanings attaclied to 
words and ideas, 'fhough there might not be a distinct picture 
in CfdoLirs imprinted on the retina, there must be that arrange- 
ment of tfie impression of light, which gave the sensation of 
colour, 'ftiere was no <loubt (whether light were material ora 
mere undulation), that there must be upon the concave surface 
of the retina, the impressions of these different /ee/ of the un- 
dulations sufficit'ut to give a ])icturc, which is either seen di- 
rectly by the sensorium, or else was conveyed to it mediately. 
One fact might give the idea that it was a distinct picture 11117 
printed on the retina, independently of the fact of its being 
seen upon it ; as he had frequently seen in dissecting the dead 
eye. When we look at an object very intensely for some time, 
and then withdraw our eyes, the j^cture is still visible for a 
short time ; and the impression or the image remains for a con- 
siclerable tirne upon the retina of the sensorium, as we see in 
the case of a lighted brand thrown round very quickly in a 
circle ; we see no intervals, but it appears to be a perfect circle 
of light. And upon this idea a philosophical toy had been 
constructed representing figures in motion ; and to the eye they 
appeared to be in motion ; thus showing, that the image had 
been impressed upon the retina for a short period, and not im- 
mediately removed. So, looking at a strong light, as that of 
the sun, if we withdrew our eyes, we had for a short time 
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afterwards an ima^e of the sun visible to us. It was the opi- 
nion of many, and of Iiim selfamongst the number, that a very 
strong impression M^as left u)>on the retina, whether in colour 
or not he would not say, but at any rate the impression of light 
w as very stroug for a time. Xfiere was considerable modifica- 
tion of the eye in different animals. The eye of bircls did not 
differ from the human eye so much in the lens as in the form 
of the sclerotic coat, or outward shell of the eye. It was not 
so compressible in front, and pt'rhaps was so atlapted by nature 
to creatures flying through trees and bushes, and therefore re- 
quiring greater ])rotection to the tender internal parts than we 
did. In the eyes of fish the lens was perfectly spherical, in 
order to obtain a greater degree of refraction ; because the sur- 
rounding medium of water was nearly of the same density as 
the water in the interior chamber of the eye, and consequently 
there could her no refriiction there. The very great spherisity 
compensates for the w'ant of the cornea. The eyes of amphi- 
bious fish, the cetacece for instance, anel various kinds of whales, 
were adapted to see both in and out of thej, water, in two dif- 
ferent media. There were various other adaptations of ihe 
eyes of raj)acions • aniiqnls, to the purposes of vision ; but to 
notice these would occupy too great a length of time. 

The Chairman said the time was now expired, and he hoped 
that another opportunity would occur for renew ing the discus- 
sion. — (Applause. ) 
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Paper read Feb. 26, 18 40. 

On the characters of I he Fossil Trees lately discovered fienr Man- 
chester, on the live of the Manchester and Holton llaitwajj ; 
and on the. formation of Coal In/ gradual subsidence. By John 
Eddowes Bowman, Esq., F covnnunicated by the Pre- 
sident. 

The paper commences wWi a few preliminary remarks on the 
theory of repeated subsidences of the land during the carboni- 
ferous tcra ; and on the drift theory, the author being of opinion 
that the former receives much support from the phenomena 
presented by the fossil trees found near Manchester, and that it 
affords in return great assistance in explaining the peculiarities 
of their position. Mr. Bowman does not deny that plants may 
have been carried into the water from neighbouring lands, as in 
the instances of fern-fronds and other remains scrattered through 
the sandstones and shales ; but he conceives it is difficult to 
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understand whence the vast masses of vegetables necessary to 
form thick seams of coal could have been derived, if drifted ; 
and how they could have been sunk to the bottom, without 
being intermixed with the earfliy sediment which was slowly 
deposited upon them- He is of opinion also, that without a 
superincumbent layer of mud or sand, to retain the hydrogen 
during the process of bitiiminization, ordinary caking coal could 
not have been formed. Another difficulty, connected with the 
drift theory, Mr. Bowman says, is the uniformity of the distri- 
bution of die vegetable matter, throughout such great areas as 
those occupied by the seams of coal, extending in the instance 
of the lower main seam of the great northern coal field, over at 
least 200 square miles ; and in that of a thin scam below the 
gannister, or rabbit coal, in a linear direction of thirty-five miles 
from Wlialey Bridge to Blackburn. On the contrary, he be- 
lieves that it is much more rational to suppose, that the coal has 
been formed from plants, which grew on the areas now occupied 
by the seams, — that each successive race of vegetation was 
gradually submerged beneath the level of the water, and covered 
up by sediment, which accumulated till it fojjmed another dry 
surface for die growth of another series of trees and plants, — 
and that these submergences and accumulations took place as 
many times as there are scams of coal. He also explains the 
thinning out of die seams and other strata of the coal mea- 
sures, by irregularities in the mode or extent of the depres- 
sions. 

Mr. Bowman then proceeds to the examination of the phe- 
nomena presented by the fossil trees discovered on the line 
of the Manchester and Bolton Railway, and described by Mr. 
Hawkshaw' in his paper read on the .5th of June, 18.39, 
and in a preceding communication ; it will be necessary 
to notice therefore only those points which did not claim that 
gentleman's more particular attention. Mr. Hawkshaw de- 
scribes generally the markings on the internal casts of the 
trees ; but as it is difficult to convey a correct notion of their 
waved and anastomosing characters either verbally or by re- 
duced drawings, Mr. Bowman applied paper to the surface 
of the steins and* carefully traced the grooves or furrows by 
following them exactly with an ifistrument- The only indi- 
cations of scars, which he could find after a long and close 
search wdl'e at one point near the base of the largest tree, 
and though indistinct, his jiractised eye recognized them to be 
those of a Sigillavia. He detected also in some parts, on the 
ribs of the same tree, the fine wavy lines so often visible on 
decorticated specimens of that family. In describing the 
second tree, he alludes to a deep wedge-shaped rift on the 
south-east side, which had been coated with coal, and is strongly 
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marked with wavy lines, like those on the surface of the albur- 
num of a gnarled oak. On the fifth tree, he discovered a longi- 
tudinal concavity on the north side, and he states that it resem- 
bles the impression which woidd be left in a dicotyledonous 
tree, by the pressure of a parasitic plant. The characters ot 
the roots afe also detailed at considerable length, particularly 
their mode of bifurcation, and position with respect to th'e 
horizon. 

From a careful consideration of the phenomena presented by 
the fossils, Mr. Bowman is convinced that they stand where they 
originally flourished ; that they M-erc not succulent, but dico- 
tyledonous, hard-wooded forest trees ; and tliat their gigantic 
roots were manifestly adajited for taking firm hokl of iht; soil, 
and in conjunction with the swollen base of the trunks to sup- 
port a solid tree of large dimensions widx a spreading top. 

Towards the close of 1838, in formingthe railway tnnnel at 
Claycross, five miles south of Chesterfield, a number of fossil 
trees were found, standing at right angles* to the j)lane of the 
strata. I'he tunnel passes through the middle portion of the 
Derbyshire coal m«asurt;s, which there dip about to a liitle 
north of east, 'fhe bases of the trees rested upon a seam of coal 
fifteen inches tliick. The exterior of the stems consisted of a thin 
film of bright coal, furrowed and marked like the Sigillari reni- 
furmis ; and the interior consisted of a fine-grained sandstone. 
Mr. Conway, who supplied Mr. Bowman with an account of the 
discovery, infers, from the information wdiieh he obtained, 
that there must have been at least forty trees found, and 
judging by the area excavated, he is of opinion that they 
could not have stood more than three or four 4'?et apart. 
There were no traces of roots, the stems di.saj)pearing at the 
point of contact with the coal. Several specimens ot Mfi^ini^ria 
/<co/Vh\s were also noticed by Mr. Conw^ay, lying horizontally, 
and about three feet in length , 

With reference to fossil trees in general, and especially to 
those near Manchester, Mr. Bowmaxi proceeds to show still 
fiirtlwr : 1st, that they w ere solid, hard-wooded, timber trees, 
in opposition to the coininoii opinion that they were soft or 
hollow ; 2nd, that they originally grew and died where they 
were found, and consequently were not drifted from distant 
lands ,* and Sjrd, that they became hollow by the decay of 
their wood, from natural causes, similar to those still in ope- 
ration in tropical climates, and were afterwards filled with 
inorganic matter, precipitated from water. 

1. In stating his reasons for believing that the coal measures’ 
casts were solid timber trees, Mr. Bowman alludes to the rifting 
of the bark of modern forest trees, in consequence of the ex- 
pansion caused by the annual addition of a layer of wood be- 
tween the bark and the alburnum ; and to the thickening or 
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swelling of the base of the trunk and main roots, and the ap- 
parent lifting up of the latter out of the soil, in old trees, by 
the greater annual increase of j:he upper part or that nearest to 
light and heat. These phenomena in vegetation were illustrated 
by ii diagram, which exhibited the form of the base of the stem 
and the root of a sapling, and of a full-grown tree. The author, 
in applying these characters to the fossils of the Manchester and 
Bolton Kail way, alludes to the irregular, longitudinal and dis- 
continuous or anastomosing furrows on their surface, to the 
swelling out at the base of their steins, and to the divergence 
as well as the angle of dip or downward direction of their roots. 
'JJiose cliiiracters, he says^ are not observable in soft moriocoty- 
ledonous trees, their stems never expanded laterally, and being 
as thiek when only a few years oUl and a foot high, as when 
they attain the height of (i'o or 100 feel. The roots also, instead 
of Ixfiiig massive and forking, generally present a dense assem- 
blage of straight sneeulent fibres, like those of an onion or hya- 
<!iiith. Analogy, tfi^relbro, as far as outw’ard shape and habit 
are coneerned, Ik' adds, is strongly in favour of the fossils having 
been solid tinilK-r trees. • * 

Mr. Bow'uian then combats the view, generally entertained, 
that Ibssil i.»teins with perpendicular furrows, as in tlie Sigillaria, 
were succulent or hollow plants.* lie states, iJiat good speci- 
mens of decorticated Sigillaria exhibit fine straight, and curled 
orgnailed stria', similar to those on the alburnum of many 
modt'ru fbrc&t trees ; and that this character, in conjunction 
■with others, renders it almost certain that the fossils had a se- 
parate bark, — a feature which is considered in vegetable physi- 
ology to be a proof of a woody structure. He also alludes to 
the existence in many of the decorticated partvS of these fossil 
trees of little prominences like those in barked timber ; like- 
wise to the scars lef't by the disarticulation of leaves : and he 
accounts for the general absence of the latter on large and old 
trunks by their having been obliterated, in consequence of 
irregular expansion from the deposition of new layers of wood ; 
he notices moreover tiie absence in small Sigillaria of the irre- 
gular furrows observed on large specimens, and due in his opi- 
nion to the unequal expansion by thte addition of new layers of 
w’ood. Tn support of these proofs of the original solid nature of 
thd trees, Bownnan exhibited polished slices nibunted upon 
glass of portions of a similar fossil tree discovered in sinking a 
shaft 300 or 400 yards N.W. of those found on the line of the 
railway. Tlxe slices were made from a portion which exhibited 

* Spocimeus of recent dicotyledonous wood from New Zealand, lent to 
the author hy Mr. 11. Brown, were exhibited on the table of the Meetiug 
Room. They displaj’^ed both upon the bark and the naked wood, longitu- 
dinal ribs and intermediate furrows as regular aS 'tM>s0‘ On Sigilla»*ia j and 
therefor<^ prove that these characters are not incompatible with a dicotyle- 
donous structure. 
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within the carbonized bark a p.atcli browner, heavier, and more 
compact than thci rest. In these slices, made under Mr. R. 
Brown's direction, that gentleman discovered in the transverse 
section, the uniformity of vascularity which is evidence of the 
coniferous structure ; and in the long-itiidinal section parallel to 
the medullary rays, the existence of these rays. 'Idle slices 
therefore exjiibit proofs of discotyledonous structure, and con- 
siderable probability of that structure being: coniferous. 'I'he 
important evidence, however, of coniferous structure dedncible 
from discs in sections parallel to the rays, was not obtained, the 
vessels having apparently undergone some alteration. 

Q. With respect to the second point, that the trees grew' and 
died on the spots were they are now found, and that they wert' 
not drifted from distant lands, Mr. Bow*man says, the argu- 
ments in favour of the formation of beds of coal by a series of 
subsidences of the surface on wdiieh the* vegetables that protluced 
the coal grew, naturally lead to the inference tliat the tret s as- 
sociated with the coal also flourished on the same spots. In op- 
position to the opinion that trees would naturally float in an 
upright position in consequence of the greater s])f-cific gravity 
of the base and roots, be asserts, that the tree's would maintain 
that position only as long as they floated, and that they would 
fall and lie pretstrate w'hen grounded on shoals or east ashore* 
He agrees with Mr. Haw’ksbaw in the opinion, that it is mort' 
difficult to account for a number of great trunks being depositcei 
in the position of the fossils in the ^Tancliester 1 Jail way, than 
to imagine that they grew on the surface of the bed on 
which they now stand. Their })o.sition on a bec^ of coal is 
another proofs Mr. Ikjwiiian conceives, that the trees were 
not drifted, for if they had been transported by currents of 
w^ater they might equally have been imbedded in the alternating 
shales or sandstones. If beds of coal are the accumulated 
remains of many generations of a luxuriant vegetation, the rich 
compost thus formed, Mr. Bow^rrian argues, would be well .‘suited 
for the growth of trees. Again, the angle at wdnieh the roots of 
the fossil trees, particularly of that distinguished by liini as No- 
2, dip towards the bed of coal, is considered •l)y the author evi- 
dence of the trees being in^their original position, because, had 
they been drifted, the roots would liave been bent upwards, by 
the downwj#d pre.ssure of the trunk, when the w^ater had fef't 
them. The appearance of the roots being cut off, where in contact 
with the coal, he is of opinion, may be explained by the fer- 
mentative process having dissolved the vegetable texture lielow' 
the surface. The stems and upper portions of th^ roots stand- 
ing above the coal, he explains by reference to similar plieno- 
mena in peat marshg^, in which the bases of the trunks of an- 
cient forest trees stand with the roots exposed, owing to the 
i^rinking of the surrounding peat. 

3. In discussing the third point, that the trees became hollow 
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from the decay of their wood, and were filled with sedimentary 
matter after their immersion, Mr. Bowman refers to the facts 
recorded in tlie preceding paper by Mr. Hawkshaw (see vol. 
xvii. p. 54-,) ; and in confirmation of them states, that Mr. 
Schomburgk during his four years* travels in Surinam repeat- 
edly oliserv d similar phenomena, Mr. Bowman then jiroceeds 
to explain llie processes by whicli he conceives the fossil trees 
were gradually submerged — their upper branches torn off, their 
interior removed by natural decay, — their bark converted into 
coal, — their central cavities filled with sediment ; and the whole 
buried beneath tlie stratum of shale or sandstone in which 
the trees were discovered. He after w'ards applies the phe- 
nomena w’hich he believes these processes produced to the 
condition and position of the trees, and the arrangement ot 
the surrounding sedimentary matter. The author then enters 
into the inquiries, — 1st, the time which the trees may have 
re(|uirc*d to attain their dimensions ; and consequently the 
minimum ol‘ years requisite for the accumulation of the 
vegetable matter ; •and, 2udly, what thickness of vegetable 
matter was necessary to form the stratum of coal nine inches 
thick, over which the trees stand. • Mr. Schomburgk is 
of opinion that a dieot^dedonous tree which Avculd require 
in lenqierate climates one hundred years to attain a certain 
diameter, would arrive at the same dimensions within the 
tropics in sixty or eighty years. The largest of the fossil 
trees forming the immediate subject of the paper is equal in 
circumference to an oak of 130 years growth in this climate, 
or about 100 for a climate equal in temperature to that of the 
tropics. Allowing therefore that some time elapsed after the 
commeiicAnent of vegetation on the surface of the then dry 
land before the trees began to grow, Mr. Bowman infers, that 
100 years must be the minimum of time which would be re- 
quired for the production of the vegetable matter out of which 
the nine inches of coal w’ere produced. With respect to the 
depth of the stratum of vegetable matter from wliich it was 
formed, Mr. Bowman takes for his data, tlie thickness of the 
bed of coal, nine inches ; the distance between the top of the 
seam and the bottom of the trunk under the arch formed by 
the roots, fifteen indies ; and for t^e distance to the surface of 
the ground, four inches, or in all twenty-eight inches ; whereby 
hft infers tjjat the thickness of the solid coal is equal to about 
one-third that of the vegetable matter out of which it was 
produced. 

ELEMENTARY LECTURES ON ELECTRICITY. 
LECTURE VI. 

Having shown the structure and opSation of the electro- 
phorus, it will next be necessary to examine the various parts of 
that apparatus, in order to ascertain their electric conditions : 
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but before I proceed in that undertaking, I will endeavour to 
make you acquainted with another kind of electroscope, which 
is capable of indicating a much feebler electric force than that we 
have hitherto employed. It is tlie*invention of the Rev. Abraham 
Bennet, M.A., who in the year 178t>, gave the following descrip- 
tion of i|^ : — 

‘^This electrometer consists of two slips of gold leaf, suspended 
in a glass. I'he foot may be made of woocl or mc'tal : the cap 
of metal. The cap is made flat on the top, that plates, bruiks, 
evaporating water, or other things to be electrified, may be caui- 
veniently placed upon it. 'I'hc cap is about an incli witler in 
diameter than the glass ; and its rim about thrce-qu.irtc rs of an 
incli broad, which hangs parallel to the glass to turn oif the rain 
and keep it sufficiently insulated. Within this is anothe r circu- 
lar rirn, about half as broad as the other, which is lined with 
silk velvet, and fits clo?e on the outside of the glass : thus the 
cap fits well, and may ca.sily he taken off to rt'pair any accident 
hajipening to the leaf gold. Within this i:^ a tin tube, hanging 
from the centre of the ca]>, somewhat longer ih ni the depth of 
the inner rim. Ii>t}ie t^ube a small peg is jilaced, and may be 
occasionally laken out. 'Fo the peg which is made round at one 
end and flat at the other, two slips of gold leaf are fastened witli 
paste, gum water, or varnish, 'fluise slips, suspeiuU'd by tin? 
peg, and that in the tube fast to the centre of the cap, liang in 
the middle of the glass, about three inches long, and a quarter t)f 
an inch broad. In one side of the cap there is a small lube, to 
place wires in. It is evident, that williout llie glass the gt»ld 
leaf would be so agitated by the least motion of the air, that it 
would be useless; and if the electricily should be eoiqmunleated 
to the surface of tlie^ glass, it vvouid interfere with the rejnilsion 
of the gold leaf: therefore two long pieces ol'tin f'oil arc fastened 
with varnish to the two opposite sides of' the internal surfaec of 
the glass, where tht; g</Kl )f*af may he <‘xpectcd to strike*, and in 
connexion w ith tlie foot, '('fie upper end of the glass is covered 
and lined witfi sealing wax as loSv a.s the outermost rivn, to make 
its insulation more perfect."' 

Figure is a representation of Ben- , Fig. o 
net"s electroscope, c. c. being the glass 
cylinder, i .!-. the wooded foot,^nd inn. 
the cap, 'Fbe gold leaves are repre- 
sented divergent, as when under an 
electric influence. A short brass wire 
is usually screweil into the liole in the 
cap of the instrument, having its upper 
extremity finely pointed. A brass bail 
also .screws on the top of the wire to 
conceal the point, fd^sonie enquiries. 
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The way to use Bennet’’s gold leaf electroscope is similar to 
that we have pursued with the other : but it is better on all 
occasions when wt‘ want to coinniunicate an electric action of 
some duration, to the instrumont, to unscrew the ball from the 
vertical wire rising from the cap, and expose the point with 
which the wire terminates upwards. The point, in this case, 
receives the fluid from an electro-positive body presented to it, 
and gives off fluid to an electro-negativ’e body. For instance, 
excite a tube of smooth glass by warm silk, and afterwards hold 
it over th(’ point of the wire of the electroscope ; the gold leaves 
W'ill immediately diverge, and will remain divergent after tiie 
tube is talvtni awa}" ; nud by testing th<i electric action left in 
the instrument, it is found to be positive. Now discharge this 
electric ibree by touching the jioint with a finger. It is very 
likely that the first touch of the finger is not sufficient to remove 
all th(' t'lectric action iVom tlic electroscope, because it very often 
hap])cns that a ]>f)rtion of the glass Ticar to the cap becomes elec- 
trical ; and when this is the case, the glass being a bad conduc- 
tor, prevents any rapid movements of the electric fluid over its 
surface, so that whetlier positively or negatively electrical, ihnc 
is required to equilibre its electric powers. 

When the gold leaves no longer open after the finger is re- 
moved from the point of' the wire, screw on the brass ball, and 
th(* point will again be concealed, and its functions in facilitating 
the ingress and egress of* the electric fluid entirely annihilated. 
Now jjresent an excitetl glass tube to the ball of the electro- 
scope ; and you will observe that the gold leaves diverge as 
before: but if you immediately remove the tube from the 
instrument, the gold leaves will collapse and will hang together 
in as neutral a condiiion as if they had never been under an elec- 
trical influence. But if you permit the excited glass tube to 
remain f.>r some time near to the ball of the electroscope, then on 
witliilrawing it, the gold leaves will first collapse and afterwards 
open whtli a negative electric action, which is of an opposite 
character to that of the tube wdiich was presented to the cap of 
the electroscope. Hence you will perceive that the electric fluid 
can be driven out of the lower extremities of the gold leaves, by 
the repulsive actuhi of the fluid superinduced on the surface of 
the glass tube, as decidedly as it was driven out of the asperities 
on the surface of the pith balls, in the former described electro- 
scope. The fine edges of the gold leaves also admit of the 
ingress of the electric fluid when the instrument becomes electro- 
polarized by the approximation of a negative stick of sealing 
w'ax to the ball, or to the cap of it. 

The late Mr. Singer, who was a very clever electrician, niad^ 
a very great improvement in Bennetts electroscope, wdiich in 
its original condition was somewhat difficult to keep in order 
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Mr. Singer\s improvement consists in passing the wire to winch 
the gold leaves are appended, through a glass tube about four 
inches long and much wider than the diameter ot the wire : 
which is held fast in the axis of4,he tube by two bosses or coils 
of sowing silk wound round the wire at the di'.tanco? of about, 
three inches from one another- 'these coils of silk not only hold 
the wire steadily in the tube, but assist in insulating it trom the 
brass cap of the instrument. The insulation is still tarther per- 
fected by covering both the inner and outer surface ot the tube 
with a good coat of lac varnish.* 'i'he glass tube is ceinented 
into a brass ferrule, which has a thread cut on its outside lor the 
purpose of sorew’ing into the iiiemllie caj>. The wire t)t -this in- 
strument is generally surmounted witiwa brass disc wliose plane 
is perpemlicular to the axis of the wire. ^ he electroscope tiius 
fitted up is represented by fig. G 

Having now described a* very sensitive 
electroscope, we w’ill next proceed with our 
experiments on tlie electrophorus, in coinbip 
nation w’itii it. Excite tht' electropliorus 
again, and place 4he -cover on tlie resinous 
cake, taking care to hav^e tiie glass handle 
of the former ptadectly dry and warm, and 
tlie hand as far from the metal as you can, 
to prevent conducting connection. Now, 
without touching the cover with the finger 

as in our former experiments with this ' ’ 

apparatus, lift up the cover from the cake, 

and apply it to the point in the cap of the gold leaf electroscojie, 
and you will find that it is slighily positive, owing^* to its re- 
ceiving a small portion of the* electric fluid from the atmosphere, 
by the instrumentality of tiu' asperities on its upper surface. 
If the cover be permitted to remain on the cake for a few 
minutes, it will have ac<|uired a considerable degree of positive 
electric action ; and by a still larger residence on the cake it 
will produce a sjiark. 

When you are perfectly satisfied that you have ascertained 
the electric condition of the cover wlien imtouelied by the 
finger, or by any conducting body that coukJ convey to it any 
electric action ; again place it on the resinous cake, and after- 
wards touch it with your finger. You now experievee a smart 
prickling sensation on tJiat part of the finger which touched the 
cover, in consecjueiice of a spark passing from it ti^ic^the cover 
when at a short distance from it. Now take up the cover by 
its glass handle, and apply it to the electroscope. You see the 

♦ Jbac vnniish is made liy dissolving shell-lae, or seed lac, in spirit of 
wine, in a phial, which is hotter for being wide«necked, to admit the brush 
freely. 


Fig. G. 
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|[roU! leaves diverge with great force, and would have absolutely^ 
‘Struck the sides of the glass cylinder, had they not been too 
short to reach it. Now t^'St th»s electric action which the cover 
lias left ill tfie electroscojie, and you observe that it is of the 
positive kind, in C' Dlirniation oi what I told you before in our 
last lecture ; and for those reasons which I then mentioned, 
namely, the cover becomes electropolar by the action of the 
negatively excited resinous cake, having its negative pole on the 
upper surface ; which surface receives a spark from your finger 
when jirest^ntcd to it, anti thus becomes surcharged with fluid, 
most t>f whicli it retains whilst under the influence of the resi- 
nous ( .'ike, but is ready part w'ith it to the nearest conductor 
wlien removed fVoni that situation. 

Anotlier method of testing the electric .action of the cover is 
first to c<)innumicat(' some known cdeclric force to the electro- 
scope, find afterwards bringing tlie cover over tlie cap. If the 
action cornmiinicati' ^ to the gold leaves be positive, they will 
diverge still further when the cover of the electrophorus is' 
held over the cap ol‘ the electroscope : bift il the communicated 
electric action be of the negative kind, the gold leaves will col- 
lapse by the positive electric action of the cover w hen held over 
the cap of the instrument. By this lattin* method the kind ot 
electric action of the resinous cake may be ascertained, which is 
found to be negative. 

Having now examined the electric action of the various parts 
of the clectrojdiorus, I will proceed to another beautiful appli- 
cation of the principle of electro-polarization in an instrument 
called the condcnsor ; also an invention of the celebrated Volta. 
The condensor is usually a]>pended to the double-leaf electro- 
scojie last described. It cons-ists of tw'o metallic discs of about 
six inches di.'imeter each ; one of wliich is insulated by being 
su]iported by the gl.iss cylinder of the electroscope, as at P, fig. 
7- The otiier plate S, of the condensor, is supported by a 



brass rod, which can be slided to and fro in a groove made for 
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#tlie purpose in the base-board H B. 'I'his piece of apparatus is 
used only in those investigations* in which the electric action is 
very feeble, and in a nuunier wl^ich I will now point out. 

Bring the moveable plate S, into close contact with the jdr.te 
P., and it* the instrument be pro[»erly made, tlie two plates 
W'ill just cover each others inntu’ surfaces, wliicli ought to !>e 
]>erfectly vertical. Now separate the plates a little, by with- 
drawing the n’oveable one S, until you have an exceedingly thin 
plate ot* air between them. It is now obvious from wliat you 
have before observed; that any electric action communicated to 
the cap of the electroscope would be partly transferrcil to the 
plate P, even if* the plate S were not present. But now as tlie 
plate S is close to the plate P, wliich, by being connectcil with 
the ground, gives a greater facility' for the pol.'irizatioii of the 
plate L: so that when a feeble positive electric action is ct>iiHnuin- 
cated to the cap of the c.lectroscojie, an accumulation of lh(' clcctiic 
fluid will take place in the plate P, without ^il" allccting tlie gold 
leaves; which would rcnnaiii nearly neutral. But if we now with- 
draw the plate S fipm the vicinity of the platt‘ P, the ])o]arization 
ceases, and the fluid whfeh rested, principally in the ]dal.e P. now 
becomes almost f‘(pially distributed over Lv«'rv nu’tnllic ]>art of the 
tdectrosct'pe ; and if the force is suflicicnlly ])owi rlul, the gold 
leaves will diverge. In many cases, however, and indeed in all 
those ill which the condensor <!an be miu b ustMl to advanlnpe, it 
requires several communications between the body undi r ( xamijia- 
tioii and the cap of the electroscope, to convey a suflici(uit dt^greo 
of electric force to diverge the gold leaves even in the h ast degree 
appreciable. 

Tt may now' be necessary^ to say somelbing further with res])ect 
to the terms positivchj electrical , and ncgalirclif c/cc/r/ru/, hodif^s. 
Those terms ought, in all cases, to be ifhderstood as inqdying the 
electrical condition of bodies rv.latively to the electric condition 
of Ollier bodi(‘s, and in .no other manner whatever. Let me en- 
deavour to give you an illii.straiioii of what I incrai by the term 
relative. 1 will suppose iliat three metallic spheres. A, B, and C, 
of precisely the same diameter, uniformity of jiolisli, &c. are insu- 
lated and placed on difrerent jiarts of the table.* I will comiTitini- 
cate ten particles of the el#ctric fluid to A, si’vcn particles to B, 
and five particles to C. Now although the whole of these three 
bodies are positively electrical w'itli regard to the smrrounding 
gi'oup of bodies in the room, they arc, in reality, in different elec- 
tric conditions with respect to* each other. A, which Tias the 
quantity ten, is positively electric with respect to the other two; 
and C, which has only the quantity five, is negatively electrical 
with respect to both A and B. And, for the very same reason, the 
body B is either positively or negatively electrical, accordingly as 
it is compared with C or A respectively. This is obviously a pro- 
minent case, and may very easily be comprehended. But there 
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• 

About two years ago I had the honour of laying before 
Royal Society an experimental inquiry into some of the chemical 
changes which occur during the germination of seeds and the 
decomposition of vegetable matter. On the present occasion I 
purpose to confine myself to an extensive series of experiments 
which have reference to the presence of nitrogen, earths, imd 
salts in vegetable compounds, with a view of ilirecting attention 
to the influence ^^f nitrogen in the growth of vegetables* 

As my inquiry is purely experimental, I may premise that 1 
liave had recourse to the well-known method of ultimate analy- 
sis, and 4;he equivalent numbers which 1 employ are, carbon 
6*12, hydrogen 1-0, oxygen^*0, and nitrogen 14*0. That we 
may the more readily apply the proportionate quantity of nitro- 
gen to our immediate purpose, 1 sh^l make one column in each 
analysis, which will represent by weight the quantity of nitro- 
gen when compared with 1000 parts of carbon in the same 
compound. I also designate by the term residual those earthy 
and saline ingredients which are not decomposed during the ^ 
analysis. In some of the experiments this residual may contain 
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a WixXe foreign matter, for in preparing the different compounds 
for analysis 1 seldom had recourse to any process of ablution, 
rather choosing to have a little foreign matter present, than to 
remove any part of that which was more particularly the object 
of reseaich.' That I might also examine the compounds as 
nearly as possible in their natural state, I very rarely exposed 
them to a higher temperature than 100^ Fahr., inclosing them 
in very thin paper, and afterwards allowing them to acquire the 
hygronietric state of the atmosphere. 

The first series of experi- 
ments to which I shall refer 
tends to show, that in that part 
of the seed where germination 
takes place nitrogen preponder- 
ates, when compared with its 
quantity in the other part of tlie 
seed. * This result is derivcnl 
from the analysis of the germ 
Imd cotyledons of beans, peas, 
barley, wheat, &c.„ a large ex- 
cess of nitrogen being invari- 
ably indicated in the germ. 

Thus, for instance, it appears 
from the table of analysis, that 
the germ of beans and peas con- 
tain by weight about 200 parts 
of nitrogen for 1 000 parts of 
carbon, while the cotyledons 
contrin only from abSut 100 to 
140 parts. 

:A second series of experi- 
ments disposes me to think, 
that those seeds oj the same kind 
which contain the largest quan- 
tity of nitrogen germinate the 
earliest. Barley of the growth 
of 1833, containing 46 parts of 
nitrogen for 3000 of carbon, 
germinated in thirty-six hours 
after being taken out of the 
in which it had been 
steeped ; whereas barley of 
1887, and containing only 3.5 
parts of nitrogen, steeped in 
water at the same time, and 
kept under the same circum- 
stances as the former, germi- 
nated in forty-eight hours. 
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* Similarly, I find that of 
the seeds, mustard, cress, 
rape, turnip, radish, and 
eelery, those which con- 
tain the largest quantity 
of nitrogen and residual, 
germinate the earliest when 
kept under equal circum- 
stances. It is necessary 
to state, that in these ana- 
lyses the seeds were ex- 
; amined in the mass. 

The';^iei^ical constitu- 
tion nfttMbrcKi/Arfa if seeds 
before plwnula extends 
the whole length of the 
seeds, aa in the instance of 
malted barley^ differs frodi 
that of the malt, and also 
i^om t!te constitution of the^ 
barley in its original state. 
In these we have the root- 
lets contaihing a large 
quantity of nitrogen at a 
period when they will 
have to perform important 
offices in preparing the 
food for the young plant. 
That there is a similar dif- 
ference the chemi- 

cal constitution of the roots 
and trunks of trees will 
abundantly'^ ^pear from 
the annexed! Table. And 
1 may al|o add, that my 
, exjpi^iiiehits dispose me to 
imet quantity of 

nitrogeii is largest in the 
Bnri^,ahd diminishes with 
tj^-sewson. 




IRxpcriments on Nitrogen in Vegetable Products. 


•< 

H 




But not only is the 
nitrogen raore abun- 
dant in the roots of 
plants and trees ; the 
residual a1so> when 
compared with the 
quantity in the trunks, 
will be found in ex- 
cess in the roots. 

Now if we admit 
the principle, that ni- 
trogen is a powerful 
agent in favouring 
<£etnieal action upon 
vegetable and animal 
matter^ and that this , 
residual is essential 
the healthy per- 
formance of every 
function of the roots, 
as well , as every other 
part of the plant, and 
forms, 88 it were, a 
most perfect skeleton 
of the wlmle ; we have 
in these roots that 
which will favour 
such action in an emi- 
nent degsee when 
conipared with the 
other part of the tree. 

It would be lead- 
ing us into other sub- 
jects more extensive 
than the one now be- 
fore us, if I were to 
go ipto, or treat upon 
the chemical action 
which takes place by 
the agency of the 
roots, the impounds 
formed thereby^ the 
heat produced by 
the . arrangement of the residual, fisc. It will be 
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apple, plom, and cherry-trees wei*e all of them very small ; 

C %adt been in. the ground several years, and had been rooted up because 
eir general unhealthincas. In jaiiealthy state of the trees the nitrogen 
the root is in i larger proportion! 




By Mr. Robert Rigg- S45 

sufficient* that in following up tins part of the inquiry, we state 
as the result of experiment, that the sap wood ia very differently 
constituted from the more perfect part, the heart wood, an excess 
of nitrogen being invariably found in the former. 
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It will be unne- 
cessary for me to 
say that the sap 
wood more readily 
passes into a state 
of . decay than the 
heart #ood. Here 
again the nitrogen 
afid the residual 
being present in 
larger quantities in 
the former than |n 
' the latter, we haVQ 
th^ exerting their 
jfnffuence as protdh- 
, ters of decomposi- 
tion. 

" We have al^ the 
greatest quantities 
of nitrogen and re- 
sidual in those tidP^ 
bers which grow 
the quickest : and 
further than this ; 
for dtiectly as the 
quantity of nitro- 
gen and residual 
taken collectively, 
i so do we appear 
to have the decay 
,of timber, all other 
circumstances be- 
ipg equal. The fol- 
lowing is the ana- 
lysis of several 
Kinds of timber 
which favour this 
inference. 


Thus, for instance, the nitrogen in the satin wood may be 
considered almost inappreciable ; and the same may be said of 
the residual in the Malabar teak, the nitrogen being also small 
in this timber. In Dantzic and English oak the quantity of 
nitrogen and residual are both very small. In American birch ?: 
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the nitrogen and 
residual are in large 
quantities^ and, as 
is well known, this 
timber decays very 
quidkly. 

But it is not 
enbngh for us to 
find a difference 
in the proportion- 
ate quantity of ni- 
trogen in the dif- 
ferent parts of the 
same plant or tree; 
we must also ob- 
serve thatthequan- 
tity appears to be 
* proportional to the 
functionswhich the 
parts of the plants 
have to perform in 
vegetation. For 
instance, if the a- 
gency of any part 
of the plant be 
great in the scale 
of vegetable pbysi- 
olcjgy, so is the 
qusntity^f nitro- 

f en, and vice versd, 
o apparent is this, 
and ^ universal is 
the operation oflhis 
law oV^ the whole 
sphere of inquiry 
in which I have 
bfien engaged, that 
we mi^t ^most 
consider this ele- 
ment, when cou- 
pled wife the re- 
' be the moving acting under the infiuence of 

; ihe living principle* c^the id&nt, and moulding into shape tlie 

' -;i \X7^ « * ■; i-.: 










Ibiher ciletoents. We have ^is beautiftllly instanced in the 


"chemical constitution of the difi^brent parts hf wheat, barley, oats, 
conmi^ grass, turnips, cabbage, carrots, |iotat6e8, &c., found 
their various piwti to analysis of different periode^ 

it ' '■ " • 


i (See Table v For by thus subjecting the “ 

/■V-' Kpit. . , ,, r 




By Mr. Robert Bigg. 






different parts of the same plant to analysis at different periods 
of growth^ we acquire much valuable ^formation upon vegeta- 
tion generally, and respecting the inj^uence of nitrogen and 
residua] in particular. 
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There a^^pear indee<l to be yarious chemical actions taking 
place, in which th^se t#o ellshentl mrb ^ident^y couched, Via., 
in the preparation of the food of the plmits by the ro^, and ini 
combining this food with the other elements and fitting the 
whole to the variops purpos^yOt the jj^anU* I ' 

Throughout the whole course of niy eKperimental inquiiyv I 
‘ have not met with one instance wherein we have a large proper-- 

tioti of nitrog^ and ryij|i^uali 4hat we have not violet chemical 
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i' action ;4iid\ quick growth of the plai[its> all other circumstances 
being, favourable. 

; Bv-^EUialysing tke haves of trees we may throw further light 
upbn 't^^ operation of nitrogen! Of the almost numberless 
ji' Veg^hles which cover the face of theeartli, there are very few, 
|f ^y, whose groWth jand produce afford us more information 
dphn the chemical changes wfiich occur during the growth of 
ii plants and the deciuposition of vegetable matter than the vine. 

Its abundant flow oPsAn in the ipfihg yielda ns a most important 
. product for determl% iti food. Its foliage furnishes us with a 
plentiful supply of leaves for examination at diflerent seasons : 

V and by allowing these leaves sometimes to retnain on the trees 
until they are veiy ahundUmt, ahd then ?c«ttoying a considerable 
portion thereof, leaving the/ to grow, we have at intervals 
of very few days an opportunity of dbemically examining this 
: very important and indispensable part of vegetable production 
under very diflbrent circumstances. By Carefully dissecting 
these leaves, we are enabled to discover by analysis important 
conges produ^d^tn very fbw hours. FrUm the proneness on 
the part of ihrtie &eye« to pass^^m at favourable 

temperatures, we hairt^ a feature brought before us which claims 
our best attenrioii. And we have the fruit of this plant afford- 
ing us* in its^nversion into wi substances, an op- 

portunity 'cd!' examimnip into many important chemical changes, 
and 1 may add, of making the accuracy of many popular 
theories more th^ questionable. 

i^The vines which more generally afforded me materials for 
examination are those which produce the white and Idack sweet- 
water grap^ They are in the open air, and are nailed to the 
south side of a brick wall. .. A series of experiments upon the 
^ leaves of these vlnUs are given in Table vll., showing in a 
striking mcmiier that mtrogenls in large quantities when they 
first make ^eir appearance ; tb^ as they are devdoped, it de- 
creases in preaxMonate quanti^ ; that it is in excess during 
the period of mmr nuisl.^ ; and that towards the 

close of the ye^ it is 
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plants aie .foU 'Of interest. 
The parts xiot >cily,4tffeii in 
diemical constitution with 

their state of 4ev^openient, 

as appears ia Tsblfe IX.> in 
theinstancf of the ro^, where 
the full-blown pe^ala coii^ 
tained twentyf«<hnr ports. of 

aixty-siat parts ; biit the yan- 
ous portions ; differ very ma- 
teriidly flsonl ea^ i 
when taken in connexion wip 
idle flermination of seeds, the 
growth of plants; tlwnr all- i 
mertt, &cv, throw inuch hght ^ 
upon the vflwlei subject- 
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Mersey mid It tveil Nmigatioti: 

vegietable decoitiposition to which 1 have already refencd* 
iUfepecting the mode of determining th^ quantity of nitrogen, a 
v^ry brief account of the plan which J have adopted is given in 
Philosophical Magazine for Jannaiy last ; and by combining 
sj^isse two methods of ultimate analysis^ I am enabled, in reca- 
plthlation, to detect very minute errors, and therefore to. speak 
wid^ certainty as to the accura*^ and value of every experiment. 


JlOYAL VICTORIA (iAbbERY OP PIIACTICAI. SCIENCK 
« MANCHESTER. 


OONVERSAZIOKB, JANUARY SOTH, 1841. 

Alfred Binyon, Psq., in the Chair. 


On the Improvement of the Mersey and IrweH Nmigation. 


The Chairman, in opening the proceedings, said be hoped only 
to occupy the chair for a very few momenta, as they were expect- 
ing the attendance of several civil engineers and other gentletiien 
much belter acquainted with the subject of the evening’s discussion 
than himself; and he should therefore be happy to vacate the chair 
as soon as he saw them enter the room. He then read the notice 
of the meeting. 

Mr, Thomas Ogden Lingard, agent to the Mersey mnd Trwell 
Navigation Company, who had consented to explain the object and 
advantage of the projected improvements, then stated, that he had 
undertaken to explain the subject merely from a wish to satisfy the 
members. He wished it to bb understood, that any observations 
he might in^e were entirely unconnected with the company which 
he was agent fori^ The opinions cf the committee of the company, 
andof eveiy individual ptepyietor, he believed, were as various is 
those held by the’ public at laige. .However, jt was a subject in 
which he had taken a very lively interest,' since he knew any thing 
. of the ha^gatibn between tiverpopl and Manchester, and one 
which be out with great advantage to the lay;er 

gehilemeni you have hot tdl forestalled me in 
What vI Vgtn about to nnderta|tej that js, | ih m the report of 
Mr. Pahn^.; for I am.^ite sure that those gentlemen who have 
not read that r^rt wifl listen io if with as much attention and 
interest as I have done ihyscK; and I hope that my reading Uiis 
^ iSepoit^ instead of odering any opinion of my own, will meet 
" the approbation of the present assexhbly. 


At this periodof the proceedings, G. W. 


Buck, 


Esq., 


Chief En- 



Oh ihe M^se^ and Ifimll Navigation. 

Igsq., and several other scientific ^ntlemen, entered the room. 
Mr. Binyon was about to vacate the chair, and proposed that it 
should be taken by Mr. Buck; J>iit that gentleman declined, and 
Mr. Binyon was induced to retain his seat* 

Mr. Lingard then read the principal portions of Mr, palmers 
report* Blustraling it by a reference to a large plan of the river which 
was suspended against the wall behind him. In the course of read- 
ing, he inade two or three remarks in reference to different pans of 
the report. Ho observed that the late Duke of Bridgewater, at the 
time he contemplated the construction of the tide-wayjTield in such 
little repute the advantages of the river navigation* that he refused 
to give to the Mersey and Iiyrell Comi)any, the sum of £5*000. 
(or the river, with all its appurtenances. He was in possession of 
several plans, which had bemi prepared by Mr. Radftird, showing 
what the rix’er was in its present state ; but they were not on a suffi- 
ciently large scale to be seen ht a distance by the audience. By 
the proposed alterntions* the course of the river would be shortened 
fifteen miles. In reltrence to the aqueduct at Ballon, by which 
the Duke of Bridgewater’s canal is carried o^er the river, he ob- 
served that this was the only coifsiderable difficulty they 
would have to contend with between Liverpool and Manchester; 
(hero were others, hut they are of minor importance. He had 
(mdeavoured to devise means for passing the canal at Barton ; hut 
he really did not expect that this great undertaking, which was so 
very desirable for the interests of Manchester, would ever ho 
cairicd out without an amalgamation of the Bridgewater Trust and 
the Old Quay Company, or without the two navigations were given 
up to the public generally : he did not mean to say a gratuitous 
giving up,* but they ought to be so dispoSd that the town might 
derive the greatest possible advantage ; an undertaking of this kind 
ought not to be trammelled by any conflicting interests. — Applause. 
The difficulty arising from the Barton aqueduct only applied to 
vessels with standing masts ; steam-vessels might come under it 
as it now existed, it was of sufficient height. He bad had a state- 
ment put into his hand, showing the size of some iron steam-vessels 
lately built in Liverpool : one was to go to China; its tonnage was 
600* tons; its power, 220 horses; length, 168 feet; beams, 29 
feet; bold, 11 feet; and the drafts was only 6 feet. But Mr. 
Palmer had provide^ for depth J 2 feet all the way to Manche^ 

ter. Another vessel, called Albert, Which Was going to the 

river Nigm*, was 440 tons burden, 70 horses’ power, 130 feet long, 
27 feet beams, and 10 feet hold ; draining 5 feet 9 inches of water. 
Another was 260 tons, 35 horses'powet*, 1 H feet Iqng^ feet beams, 

Bfeet 6 inches hold ; drawing.only four feet of wat^r. We had a 
sufficient depth of Water at present to firing up va^ls drawing from 
four feet six inches to fiveYeet ; and here wiis a vessel of 260 tons and 
36 horses’ power, drawing only four feet ; but she was constructed of 
iron. In reference to the proposal of d drawbridge on the Grand 
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Junctioti Railway i ho observed that ibis wbiild not be it, 

case ; |or there was one over the riirer Ouse on the Hull and Solby 

RaiH’ay. 

Fairbairn said there was one oh the Xbndqn and Greenwich 

^ ^ \ 

Mr. Buck. — And one on the X.o»don and Birmingham line, 
over the canal that enters Weedon Ban aeks; 

yV’.' ■■ ' .'if . ' 

;; Mr. Linj^tard said, the next apparent impediment was the county 
?; bridge at Warrington; but he thought that no impediment at all ; be- 
cause formerly, when it was travelled all hours of the day, there were 
two swivel bridges on it. Mr. Liiigard then explained Mr. Palmer's 
proposal with reference in the locks, hut said he thohgiti the best plan 
would be to do away with the locks atThrusile N est and Mode Wheel, 
' and place the first lock at or near Barton. This would have the 
effect of increasing the depth of ^valer (and the banks would 
allow of it) ten feet below Mode MXeel, and five feet between 
Mode Wheel and Throstle Nest. Between Thostle Nest and 
Manchester it would have to be dredged to the depth of ten feet : 
but this would be easily done : he had by him a drawing of a 
dredger capable of removing 700 tons in 10 hours. He had re- 
ceived a letter from Mr. Rhodes, an enfipueer, who happened to be 
in the committee room of the House of Commems, when the Old 
Quay Company were opposing what would now have been a great 
obstruction if it had been obtained^ — the erection of a bridge over 
tl^ river at Fidler s Ferry,by the Grand J unction Rsnlway Company 
with a view to shorten their line. Mr. Rhodes, after alluding to 
some dredging which had been performed under his direction in 
the rivers Ouse and OliiweBt, said he was quite of opinign that the 
Mersey was capable of improvement, and that Warrington might 
be made a great port simply by dredging and deepening the river, 
and building avails, which might be efiectually don^, so as to allow 
vessels of 300 or 400 tons hurd^ to reach that, pla^, and vessels 
of 160 or 200 tq; come up to Manchester. It might not be alto- 
gether irrelevant^ to the aubiech to state the mving tlrnt would ac- 
crue to the towiv provided/tiK^ qould get rid of the town and port 
dues charged fkt liyeipoql all vessels which merely passed that 
port. In the committee on inland bonding last Session, it had been 
admitted, and was never disfvoved> that the revenue derivable to 
Re port of Liverpool from the 

Chester was . wry much underrated when taken at one hinf* The 
^ ' dock and . imwn dus^ in Liverpool rinX 765, amounted to iBSTSl ; 
in 1766, to ; in 1776, ^ «60e4 ; in L786, to 47508 ; in 

1706, to 412^177 ; in 1806, tO: 444^i in 1816, to 402.646 ; 
in 1826, to 4tai,000 ; and ip 18^, to 422 1,000.— (Hear, hear.) 
Bo that if Manchester could get ^ that tax, even assuming only 
that one half this revmue Was derii^d from whatcameup toMan- 
Chester, and what went bapk again, for the same duty was paid both 
^ i ways, it would warrant the expenditure of two auil lions of money 
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to carry riot this or^rtaking; and Mii. Palmers estimate for ac- 
complishing the nj^rilriof it waspnly «boot ^370,0Q0.-—( Applause)* 

The Chainnan said he was sure they were all deeply indebted 
to Mr. Lingari . The subject was one of vital interest to the town 
of Manchester; but it would be better for them, as a society for 
the promotion of practical science, to con due their observations to 
the practical didiculties that were m the way, and not to ehter into 
any of ibe comiherci^ relations of the question. 

Mr. Liugard would yeutiure to make another observation. A 
gepileman with whom he was happy to have the oppoitunity of 
forming an acquaintance, had been some time ago employed in 
making a survey for the Aferecy and Irwell Company, and, dating 
his engagement, the idea had struck him that something might be 
effected by making a Weir across the river at Runcorn Gap, instead 
of at Cuerdlcy Marsh. He (Mr. L) had mentioned the plan to 
Mr, Palmer, after seeing his report; that gentleman said the saino^ 
idea had struck him, but ho had a very great objection to putting 
Weirs in tidal rivers^ The gentleman he had alluded to was in the 
room, and would perhaps explain his plan to the audience. — (Ap- 
plause.) • . 

Mr. Bateman, Civil Engineer, said that, in the spring of last year, 
he had the honour of being employed by the Mersey and Irwell 
Company to investigate a question of some difficulty at Runcorn; 
and in that investigation he was led to consider what was the best 
means of improving the navigation, which he knew to he then un- 
der discussion. The corporation of Liverpool had had many pre- 
vious reports on the best means of securing to them their outfall 
into the sea; and all those reports coincided in stating that no en- 
croachment whatever ought to be allowed in the tidal bay above 
Liverpool ; they attributed a great deal to the water impounding 
itself above Liverpool, and, on its return, scouring out the river all 
the way to the sea. Ho had also ascertained, from actual inquiry 
on the spot, that the early part of the ebb tide did very little indeed 
in scouring out the deposit, and canying off the jsilt ; this was not 
effected till the tide was about half-way down ; owing to its going 
over the sand-banks, and carrying a good deal of sand along with 
it. It was not until the water was pretty nearly confined to the 
channel itself ihafc'any scouring was effectually produced. Taking 
this into account he tbougfit if any means could be devised, by 
which any considerable portion: of the first half, instead of going 
out use]es%to the Sea, boiild be impounded until tlie tide was half 
down, and then discharged en massVf the seburing efiect would be 
considerably increased. There did not appear tor great difficulty 
in making Uie navigation from Warrington to Manchester ; the 
river was in many places ten feet deep, not less than 1 00 yards 

wide ; the principal difficulty was the entrance ; for it was no use 
making a navigable river if the mouth were choked up. He had 
. been iSd to think that it was not advisable to interfere with the tidal 
water at all, but to discover some other mcaps of effecting the same 
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J miction Uailway, he observed that ibis would not be a solitary 
case ; (or there was one over the river Ouse on ilie Hull and Selby 
Railway. 

Mr. Fiiirbairn said there was one on the London and Greenwich 
Railway. 

Mr. Buck. — And one on the London and Binninghum line, 
over the canal that enters Weedoii Banacks. 

«r 

Mr. Lingard said, the next apparent hnpediineni was the county 
bridge at VVarrington; but he thought that no impediment at all; be- 
cause formerly, when it was travelled all hours of the day, there were 
two swivel bridges on it. Mr. Lingard then explained Mr. Palmer's 
proposal ivith reference to the locks, but said he thought the best plan 
would be to do away with the locks at Throstle Nest and Mode Wheel, 
and place the first lock at or near Barton. This would have the 
oiTect of increasing (he depth of tlje water (and the banks would 
allow of it) ten feet below Mode Wheel, and five feet between 
Mode Wheel and Throstle Nest. Between Thosilc Nest and 
Manchester it would have to be dredged to ihc depth of ten feet : 
but tins would be easily done ; he hud by him a drawing of a 
dredger capable of removing TCW) tons in 10 hours. He bad re- 
ceived a letter fix>m Mr. Rhodes, an engineer, who happened to be 
in the cOTOinittee room of tlic House of Commons, when the Old 
Quay Company were opposing what would now have been a great 
obstruction if it had been obtained — the erection of a bridge over 
the river alFidler’s Ferry,by the Grand Junction Railway Ct»mpany 
with a view to shorten their line. Mr. Rhodes, after alluding to 
some dredging wdiicli had been performed under his direction in 
the rivers Ouse and Djirwent, said he was quite of opinign that the 
Mersey was capable of improvement, and tliat Warrington might 
be made a great port simply by dredging and deepening the river, 
and building walls, which might be effectually done, so as to allow 
vessels ol 300 or 400 tons burden to reach that place, and vessels 
of 150 or 200 to come up to Manchester, It might not be alto- 
gether irrelevant to the subject, to stale the saving that would ac- 
crue to the town, jirovided they could get lid ot the town and port 
dues charged at Liverpool on all vessels which merely passed that 
port. In the cominiuee on inland bonding last Session, st had been 
admitted, and w'as never disproved, that the revenue derivable to 
the port of Liverpool from the merchandise brought up to Man- 
chester was very much underrated when taken at one Iftalf. THe 
dock and town dues in Liverpool, in 1756, amounted to «£2781 ; 
in 1766, to .£3653 ; in 1776, to £5064; in 1786, to £7508; in 
1796, to £12;377; in 1806, to £44,560; in 1816, to £92,646; 
in 1826, to £131,000 : and in 1836, to £22 1,000, —(Hear, hear,) 
So that if Alanchester could get rid of that tax, even assuming only 
that one half this revenue was derived from what came up to Man- 
chester, and what went bapk again, for the same duty was paid both 
svays, it would warrant lb© expenditure of two millions of money 
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lo carry out this undertaking ; and Mr. Palmer s estimate for ac- 
complishing the whole of it was only about £370,000. — (Applause). 

The Chairman said he was sure they were all deeply indebted 
to Mr. Lingard. . The subject was one of vital interest to the town 
of Manchester ; but it would be better for them, as a society ft»r 
the promotion of })raciical science, to confine their observations to 
the practical difliculiies that were in the way, and not to enter into 
any of the commercial relations of the question. 

Mr. Lingard would venture to make another observation. A 
gentleman with whom lie was happy to have the ojipoTtuuity of 
fonning an acquaintance, had been some lime ago oinploved in 
making a survey for the Mersey and frwell Company, and, during 
his engagement, the idea had struck him that something might be 
effected by making a Weir across the river at Runcorn Gap, insica<l 
of at Cuerdlcy Marsh. He (Mr. L.) had mentioned iho plan lo 
Mr. Palmer, after seeing his report; that gentleman said the same 
idea had struck him, but he had a very great objection to putting 
Weirs in tidal rivers^ The gentleman iie hrul alluded to was in the 
room, and would jierhaps explain his ])lan to the audience. — (Ap- 
plause.) • 

Mr. Bateman, Civil Engineer, said that, in the spring of last year, 
he had the honour of being employed by the Mersey and Irwell 
Company to investigate a question of some difficulty at Runcorn ; 
and in that investigation be was led lo consider what was the best 
means of improving the navigation, which he knew to be then un- 
der discussion. The corporation of Liverpool bad had many pre- 
viotts reports on the best means of securing to them their outlall 
into the sea ; and all those reports coincided in staling that no en- 
croacbmci^t whatever ought to be allowed in the tidal bay above 
Liverpool ; they attributed a great deal to the water impounding 
itself above Liverpool, and, on its return, scouring out the river all 
the way to the sea. He had also ascertained, from actual inquiry 
on the spot, that the early part of the ebb tide did very little indeed 
in scouring out the deposit, and carrying off the ^ilt ; this was not 
effected till the tide was about half-way down ; owing to its going 
over the sand-banks, and carrying a good deal of sand along with 
it. It was not until the water was pretty nearly confined to the 
channel itself that'any scouring was effectually produced. Taking 
this into account he thongl^t if an^^ means could be devised, by 
which any considerable portion of the first half, instead of going 
out usele8%to the Sea, could be impounded until the tide was half 
down, and then discharged cn masse, the scouring effect would be 
considerably increased. There did not appear any great difficulty 
in making the navigation from Warrington to Manchester; the 
river was in many places ten feet deep, and not less than 1 00 yard.s 
wide ; the principal difficulty was the entrance ; for it was no use 
making a navigable river if the month were choked uj). He had 
been led to think that it was not advisable to interfere with t])e tidal 
water at all, but to discover some other means of effecting the same 



35() Oh the Mersey and Inrell Navigation. 

object. He had gone into a number oi' calcalalions, Irum data 
which he had acquired, to ascertain what would be the actual elfect 
of what he projK)sed ; he found that the area of the upper part of 
the river from Kuncorn to Bank tluay, was about one-soveuteenfh 
of the entire area from Rock Perch, and its capacity about onr 
twenty-fifili, or one-lhirtieth ; therefore. It formed a vtuy small 
portion indeed of the whole estuary; and if the whole of this part 
of the river were taken away, or slopped up, it would not produce, 
perhaps, any perceptible effect on the month of the river. By 
throwing an embankment across at Rnnconi Gap, the whole uf the 
water might be kept there till the tide had fallen eight feet, whicii 
it did to half ebb; then, by discliarging the whole of it, as mucli 
would How out in two hours as now did in six, tmd tli«^ scouring 
power w’onid thereby be trebled. 'I’but might be effected by tlood- 
gales 100 yards in length ; by gates of sixty yards, the water miglil 
be discharged in three hours, and its scouring j>ow(,'r tloubled. The 
whole navigation would then be rendered easy : it would bo tlcep 
water at all times from Runcorn up to Warringlf)n, exce]>t wlien 
the scouritig w'as taking place, which might Ve done when the water 
rose higher than twtdvc feet, und the discharges might he made on ■ 
an average three lour limes a week. Mr. Palmer proposed to 
narrow the river, making the width at Liverpool the inuxiimnu, 
and contracting it in a kitid of funnel shape U}) to Runcovu Gj!)>, 
his reasoti beiitg to throw the flood and ebb into tlie same eour'^* , 
as, if he could constrain the tides always to run over tlie sanu; 
ground the whole of the silt would run out -of iluj channel, and it 
would not only be deepened, but be kept chwp. Taking it merely 
from Liverpool upwards, no doubt he was perfectly right ; luit lie 
(Mr. B.) was doubtful whether this would not have an injurious 
effect upon tiie deeps at Ijiverpool. The great tidal wave from the 
Atlantic Ocean was first broken at. the , Lund's .End and Cap<! Clear, 
ill Ireland ; part of it ran round the west and north-west coast of 
Ireland ; and part of it ran up the Bristol Channel and Saint 
George^s Channel, elevating the tides there to the enormous height 
of thirty -feet at. Swansea, and increasing, higher up the ehaimil, 
to 70 feet at Chejrstow, 'rite direct course of the tidal w'ave was 
at right angles to the entrance of tlio Mersey; it would strike 
against Fonnby shore, and its leudoncy, as it ascended the river, 
would be towards the north bank. At present the antagonist forces 
of the tides and the flowing out of tlie river, were so evenly ba- 
lanced, that a tolerable channel was preserved at Liverpool ; hut 
if the whole body of water in the cstiuiry were red^ciHl to one* 
fourth or one-fifih its ]>rosent volume, as it probably would bo iiy 
Mr. Palmer’s proposition, it seemed to hitn that it would not be 
able to offer a sufficient antagonistic force to the effect of tlu' tide ; 
aaid though the navigation of the upper part of the river might bo 
improved very much, its mouth at Liverpool might, (iventually be- 
come choked up. To run the risk of spoiling the harbour at Idvcr- 
pool would be a dangerous experiment. It appeared that very 
large vessels might now be brought up without altering the navi- 
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^atiuii at all below Iliuicoini ; and by commeucing the improve- 
ineiits there it might be completed in the best way up to Manches- 
ter. — (Applause.) 

Mr. W. Fa.rbairn said, it appeared to him that Mr. Faiiiier pro- 
posed to narrow the river upon the same principle as had been 
done ’.n the Clyde ; and, instead of allowing thc^ tidal w^aters of 
tlie Irish sea to flow through the narrow neck of the river at Liver- 
pool, and fill all the bay between there and Runcorn, to narrow the 
channel all the way down, and bring the upland floods through that 
narrow channel, in order to scour out the debris. Mr. Palmer had 
concluded iliut. the deposits were brought in by the sea, and were 
not from the higli laud range above the Mensoy. If such were 
the case, the inference was, that the flood tide had the grealsst scour- 
ing power; and it would appear that Mr. Palmer was right witl» 
regard to narrowing the channel, as had been done in the Clyde; 
where, ashy that means, particularly in floods, a great discharge was 
ohtaiiKfd. Provided these improvements were curried into effect, 
stcain-vesstds might navigate all ilie way up to Cuerdley Marsh, and 
even to Matichester. T:l W’as rjuile clear that the scouring force by 
wliich the estuary was to bo kept open must be exactly in the ratio, 
eitliiT of tlif' land floods, on one hand, or th^ tidal fl:>rce, on the other. 
He siiouid like to know the velocity with wdiich the tide flowed 
into estuary, and that with which it retired. 

Mr. Uatemau said, tliat at Runcorn it flowed about live miles an 
hour, and ebbed about the same. From that it went down to nearly 
nothing. 

Mr. Fairbairu said it appeared to him that if the preponderance 
of force were with the in-coming tide, the deposits would bo carried 
up thf' river^ if the other way, all the minute particles would be 
driven out to sea, while the larger particles would be deposited in 
ihti bay. b'rom what Mr. Lingard had stated, the tide flowed in at 
the rate (»f seven miles an hour, and the ebb at Ore rale of five and a 
half. 

Mr. G. W. Buck, — At what point? 

Mr. l.ingard. — At Liverpool ; on the rock. 

Mr. G. Buck .^aid he doubted whether that was correct, he 
believfB that the flo^d tide came in at five miles an hour, and went 
<tut at seven in round numbers, and therefore the velocity would 
be greater out than in. 

Mr. Batoi|ian, — I don’t know how it may be at Liverpool; this 
has reference to Runcorn. 

Mr. Buck. — Oh, it will be reversed at Runcorn, the momeniuui 
there is so much lessened. 

Mr. Fairbaini. — -If the scouring power ot the ebb tide be .so 
much greater, these deposits would be absolutely carried out, and 
could not come in at all, if there be a diminished velocity iiiw ards. 

Mr. Buck. — Yes, I think so. 

Mr. Fairbairn. — But assuming that Mr. Palmer is correct in his 
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supposition, the conclusion he would naturally come to would be 
that the currents carry these deposits in from the sea ; and I think 
Mr. Palmer draws liis conclusion horn the nature of the deposits, 
which he has examined carefully, and he says they are from 
the sea. 

Mr. Buck. — So they will be near to Runcorn. 

Mr. Lingard. — It is not near Runcorn where he made the ex- 
amination, but just in the hay. 

Mr. Fairbairn. Then a great proportion must be carried in- 
wards, from the sand-banks accumulating in the estuary of* the 
Mersey. But I am partly of Mr. Palmer's opinion as to nar- 
rowing the channel ; and it might be done at a light expense- 
It is a fact well known, that fifty years ago, in the Clyde, 
they could not get a vessel up to the Bromielaw — that i» 
Glasgow' — of any considerable tonnage ; now the river is navi- 
gated by vessels df 600 tons burden ; and this has been done 
entirely by narrowing the channel. 

After a short conversation, in which Mf. Fairbairn stated in 
answer to Mr. Bateman, that the brd of the Clyde was not silt, 
but rock, and th^t the tidal w'ave flow’cd directly up llie Clyde, 
not at right angles to it, as in the Mersey, Mr. Fairbairn went 
on to say, that he thought a great improvement might be 
effected in the navigation above Runcorn by making new cuts, 
in order to avoid bends in the river. By this means, 
and by having a quay and wet docks at Hulme, vessel^: of 300 
or 400 tons might come up, and lie there, with perfect safety. 
He did not think there would be much difficulty with the 
Barton aqueduct; it w'oiild only be necessary for the vessels 
engaged in the Manchester traffic to be so consfructed that 
their topmasts might be struck. With regard to the adoption 
of iron vessels, he had no hesitation in saying, that a new era 
was bursting upon us, both as regarded ocean and river navi- 
gation. He had no doubt that in twenty-live or thirty 3’ears, 
nearly the whole of the trade of this country would be con- 
ducted in iron bottoms. — ( Applause. j And he concurred with 
Mr. Palmer in thinking that these vessels were, above all others, 
the most applicable to the navigation of the Mersey and Irw. il. 

Ultimately, the discussion was adjourned for a fortnight, and 
a vote of thanks was passed to Mr. Lingard.* 


ADJOURNED CONVERSAZIONE, FEB. ll, l84I. 

Mr. CoNSTERDiNE in the Chair 

Mr. Lingard recapitulated what he thought necessary of that 
which he stated at the opening of the discussion. He was very 

♦ This ConTeTBazlone was held oa the 28th, aud not on the 30th of 
January, as printed at the head of the Articles. 
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glad that his task this evening was much relieved in consequence 
ofmany parties being present who were prepared to go into some 
discussion on the subject of Mr. Palmer’s report. But, in conse- 
quence of its being said at the lastfneeting, in contradiction to what 
J»e then asserted, as to the velocity of the flood and ebb tide^ he did 
feel it necessary to give s^me explanations; and he was much 
obliged to Mr. Buck for calling bis attention to the circumstance, 
because be found it stated, by Captain Denham, as Mr. Buck 
hatl said, that the flood tiile flowed with the greatest velocity. 
He had hoped that Captain Denham would have been there 
that evening. 'I'lie information he had already given was, that 
the quantity of water that passed info the estuary, or rather 
that passed Liverpool, during the spring tides, was about 779 
millions of cubic yards, and that the quantity coming in at neap 
tides was 2.02 millions, the mean quantity being 5.S.5 millions, 
uot giving the odd numbers. Captain Denham also said, that 
the maximum velocity of the flood tide was six miles and three 
quarters in an hour, qpd that the maximum velocity of the ebb 
tide was seven miles an hour. Now this was so different to 
what he had understood before, that, since th^last meeting, he 
had made it a matter of enquiry as to vrtiat w^as the opinion of 
those who were better acquainted with the rivers than himself. 
He asked three Captains who had been in the service of the 
company betw'een thirty and forty years: the first said the flood 
tide run the quickest ; the second gave the same answer ; and 
the third said, The flood tide, to be sure.” He asked him 
why to be sure ;” to which the man replied, that every one 
knew that the tide came in in five hours and a half, and went 
out in six ly:nirs and a half; and that that which did it in the 
least time must do it the quickest. He (Mr. Lingard) did not 
rest there, but, while in Liverpool, asked for the oldest ferry- 
man : he got one who had been accustomed to the ferries for 
the last twenty years, and he gave precisely the same answer, 
and the same reason, as the last witness. He then saw the 
Captain of the Woodside steamer, who gave the same opinion. 
These ojiinions, as far as observation went, were pretty conclu- 
sive. Then he found, that Captain Denham supposed, that the 
quantity of salt, nrfml, and sand, suspended in every cubic yard 
of flood tide, v.’as 29 cubic inches ;«Qnd that every cubic yard 
of ebb tide contained 33 inches; and, by that, would show 
tlnit the el>^ tide took out four cubic inches more solid matter 
than the flood tide brought in. 'I he effect of that would be, if 
Mr. Denham was right, and he (Mr. L.) had gone into calcula- 
tions on the subject, tlmt the estuary of the river above Liver- 
pool would now have an uniform depth of above ISO feet. Now 
Mr, Palmer stated in his report, from the examination of sand 
taken out of the estuary; that the particles which were found^ 
there were' entirely ot ii marine nature; and consequently, li 
the eb!> tide look out more than it brought in, it certainly 
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would not leave a deposit of wdiat it brought in. He might be 
wrong, and Mr. Denham might be right ; but that w as a matter 
which required the consideration of that meeting. He would 
state to them a fact which one* of the captains liad told him, 
showing that the water of the uplands had some effect in tin* 
scouring of the estuary. The captain in question w-^as neaped 
on Dungeon Bank, about eight mile.^ above Liv{*rpool, for seven 
days. He was short of water, atul took the advantage of low 
water to take some from the river, and the water was tresh or 
nearly so ; consequently, the fresh water at that time must have 
been having some effect on the bed of the river. That was 
what Mr. Palmer contended, although in opposition to the geiu*- 
ral o}>inion of engineers, that the estuary was nect^s^iary ior 
clearing out the rnoutii of the river. As to the Barton acjiie- 
duet, a number of people liad said to him, that Mr. Pifuner liaci 
ruined his report by having a canal on the level of the Diiki' of 
Bridgewater^'s from Barton. Mr. Palmer had provided for 
steam vessels coming all the way up to Manchester, whieli a}) - 
peared to him was likely to he the common mode of eommuiri- 
cation. But vessels with standing masts he could not bring 
under this viaduct, atuf he therefore w’ent over it, or wc tn in a 
line with it. And this was supposed to ruin his report ? — a 
supposition which aj)peared strange to him in 1841, wdum sci- 
ence was so far advanced, that they could not construct a canal 
from Barton to Manchester, a distance of four miles, when in 
1736 the Duke of Bridgewater constructed a canal from Woi'^- 
ley to Manchester, on the same level ; and that in I7f>l, he did 
not stop at Barton, but absolutely carric'd the canal on the same 
love! from a place called Water Meetings to Ihincorn a distance* 
of thirty miles ; and, in a ship canal was projected, into 

which the whole of the writer had to be pumped out of the* sea, 
and this ship canal was shown to bo a profitable undertaking. 
It had been suggested to him, that tlie best way w'ould be to 
make the Duke of Bridgewater^s Canal navigable instead of the 
river. Perhaps in some respc^cts it would ; but the suppl)^ of 
water was wanted. If the river could be made riy^vigable to 
B.-.rton, which he had every reason to believe it could, then, in- 
stead of ibis canal which Mr, Palmer h.ad projected, it might 
}>e well then to take the Duke’s canal, leaving the river for 
steamers only to come up. 'I'hat woidd do away with the great 
loss of w ater which otherwise wmuld take place it they had t<» 
lock the v, l»ole of these vessels up to Manchester. 

Mr. Padford, Honorary Secretary to tlie Institution, then 
read a letter from Mr. Fairbairn, dated London, February 8th, 
from whicli we give the following exlratU ; — 

London^ Fchniartf Slh, 1841. 

Dear Sir, — Finding my engagemenfs in London such as 
w ill prevent my attendance at the next conversazione, and feel- 
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ing a (ieep iiitc‘r(\st in the; forthcoming discussion on the Mersey 
and Jrwell iinj>rovernents, ]>ermit me to offer a few observailons 
on that engrossing and very important subject. Slrjcr* Mr. 
Liiigard's coruniunicalioti, 1 have liad an opportunity of reading 
Mr. Painter's report ; ainh fdthough I do not entirely concur in 
llrat gentleman s views, I nevertheless think that many parts of 
his report are not only valuable, but exceedingly useful in a 
practical, as well as a scientific point of view. It has always 
appeared to me desirabh', tliat something should be done to im- 
prove tlio navigation between Liverpool and Mancliestcr. Na- 
ture has done her part in fixing the relative positions and levels 
of the two towns, ami she has placed at our disposal rivers of 
eonsideiabii’f power, and well adapted for the purposes of navi- 
gation . 

Without entering upon the theory of currents and transport 
of material, I would direct attention to the important fact, that 
the bc<l of the river Irwell, at the New Bailey Bridge, Man- 
<!ht.\ster, is only feet (according to Mr. Palmer’s report) 
above the intersection of the tide <at Wordston. Assuming it, 
however, to be 50 feet, the difference of lefel is so inconsider- 
able, that the whole might be surmounted by four locks of 12 
feet (i inches each, or at most five locks of 10 feet each. 

From lliis it appears evident that the amount of lockage 
wouhl not be cotisiderable, and there l>eing, at all seasons, an 
almtjst superabundant supply of water, is a sufficient guarantee 
ibr the present traffic, even when doubled in extent. Beside.s, 
('verv' succeeding year must add to tlie supplies, by the 1‘orma- 
tion of reservoirs in the uplands, and the consequent neutraliza- 
tion of low ebbs and high floods in the currents of the rivers. 

1 fei;! somewhat desirous of directing public attention to this 
eirciimstruice, as the collecting of the flood waters in reservoirs 
is not only valuable as a moving power in the first instance, but 
these supplies arc again transferred to the betl of the river for 
the support and niiiintenarice of the navigation during those 
periq^ls when the river in its natural state is short of water. 
V\'e have yet a great deal to do; and the present imperfect 
state of the ^Je^sey and Irwell navigation is, in my opinion, 
neither creditable to the compat^, nor the age wc live in. 

• In following Mr. Palmer through his remarks and observa- 
tions on the deposits in tlie estuary, 1 am not quite clear as to 
his premises. It is well known to navigators, and all those ac- 
(juainted with the great tidal wave and currents of the At- 
lantic, that, in its approach to these islands, it first breaks 
upon the soutli-wcst coast of Irekaiid, and the Land’s I'.ml, 
and is thus divided into three portions, the first moving along 
the western side of Ireland, w'ashing the coasts of' Jiahvay. 
Mayo, and Donegal; the second rushing up ►St. George s 
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Channel ; and the third forcing its way into the German Ocean, 
through the straits of Dover, visiting, as it passes, all the in- 
termediate ports on tfie northern shores of France and the 
opposite coast of England. The second of these, however, 
bears more immediately upon the present question ; it roils, in 
the first instance, with great force past Lundy Isle, and wedges 
itself tif I may use the expression) into the throat of the Bri- 
tish Channel. It is the impetus of this tidal wave forcing itself 
into the funnel mouth of the Severn, which produces the tidal 
momentum, and raises the water (as stated by Mr. Palmer) to 
the height of seventy feet at Chepstow^ In the Dee and the 
Mersey we have not, however, to complain of these high eleva- 
tions, as the forces are, in a great degree, modified by tfic main 
body of the tide taking the direction of the Solway Firth, and 
the Isle of Man. A little beyond this, at the Mull of Galloway, 
its progress is stopped by the counter current, which by this 
time has doubled Fairhead, and is now rolling down the north 
channel between tlie coast of Antrim and tfee Mull of Can tyre 
This amalgamation or meeting of the tides, accounts lor the 
commotion and shtirt seas which invariably prevxiil during flood 
tides of the Mull. * 

From the above de^scription, it would appear tliat we have 
not much to contend against in relation to the tides in the 
Mersey, which seldom exceed a height of SO feet at Livt*rpo<»l. 
i heir influence is, on the contrary, of great values as their 
ascent would enable vessels of considerable burthen to ap- 
proach, and enter the proposed sea lot;k, and from thetict' be 
transferred by steamers to the quays and docks at Manchester. 

I have before stated, that, in n;any of Mr. Palmer*^ observa- 
tions, I have great pleasure in bc»ariiig testimony to their gene- 
ral accuracy and research. I do not, how^ever, agree with him 
as to the nature and direction of the deposits. In the report, 
he maintains that the shoals and sand banks abov»e Liverpool 
are brought in from the sea; and judging from these remarks, 
his conclusions appear to be drawn from two causes ; first, from 
the excess of force in the flood tide, as it passes the narrow s at 
Liverpool, and secondl3^ from the nature of tke silt, which, on 
examination, he found U> the same as the shoals found in 
the estuary, 

Now, oa a careful examination of these facts, it w il^ be found, 
that, although some portion of the outward deposits ma^’, in 
some winds, be returned, j’et it is clear that all the fornuations 
of banks and shoals now going on at t!ie mouth of the Me rsey, 
and nil other rivers, are derived from the removal of the soil, 
and the disintegration of the strata of the uplands, 'rhere is 
m> doubt that great changes and considerable fluctuations take 
place in silting up certain localities ; but it is the business of 
tJie engineers to investigate tbc.se law’s, and to apj){y such rcnic- 
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(lies as the regular and combined action of the different currents 
will admit.* 

Witliont, liowever, stopping to investigate these things, I 
would urgently recommend tne public to encourage and pro- 
mote a more searching inquiry into this subject. It is 'one of 
deep interest to the community, and any improvement which 
would enable vessels of 400 to 500 tons burthen to discharge 
their cargoes in a commodious wet dock at Hulvie, would form 
an epoch of such magnitude in the history of Manchester, as 
would qiiadruple her ]>opulation, and render her the first as 
well as the most enterprising city in Europe. 

Since the above w’as written, my friend Mr. Bateman has 
transmitted to me a copy of a report, addressed to the company 
of proprietors of the Mersey and Irwell navigation. T have 
perused that documetit with great care, and would earnestly 
direct public attention to the clear and sound engineering view\s 
of the w'riter. Mr, Bateman appears to have bestowed consi- 
derable time and gr^at attention upon the subject. I perceive 
Jiis intention is to throw an embankment half way across the 
narrows at B uncorn Gap, and the renyining* half to be formed 
of piers and arches, with a revolving gate in each to admit the 
flood tide, and again to discharge it as a securing power, to open 
and maintain the channel in that part of the estuary most liable 
to the deposit of silt from the point of discharge down to the 
deeps above Idvcrpool, 

Mr. Bateman’s plan appears to combine many advantages 
over that of Mr. Palmer's, as a tidal embankment at Uuncorn 
Gap, with its accompanying self-acting flood-gates, would not 
onlj" plact^^a large scouring force at the disposal of the proprie- 
tors, but would afford to the public the important desideratum 
of a safe and commodious communication between the town of 
Kuncornatid the opposite shore; besides I am of opinion that 
Mr. Bateman’s plan would dispense with Mr. Palmers idea of 
narrowing the channel in the upper estuary, w'hich, on. a care- 
ful examination of the map, would probably be attended with 
an outlay of capital greater than the object to be obtained would 
warrant. • 

In these observations I have considered it my duty to direct 
attention to Mr. Bateman’s very able report; and, provided he 
would favor the members of the gallery, at their next meeting, 
wdth his fiew's on the subject, 1 am sure he would confer a 
benefit, not only upon the institution, but upon the public at 
large. — I am, dear Sir, your faithful obedient servant, 

W. FAIRBAIRN. 

liichard Hadford, Esq.j Hon. Sec. Royal 
Victoria Gallery, Manchester. 

* On this subject I would beg to refer to the report and surveys of Cap • 
i4iin Denham, the best authority now extant on the estuaries on the rivers 
Dee and Mersey. 
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Mr. Gibb said, he should be glad if auy geutlenian in the 
society would give his experience whether Mr. Falrbairn was 
right ; whether the mouths of the rivers where harbours were 
maintained, were, in fact, flooded'up by the lodgment of sand 
from the interior of the country. He was acquainted wdth one 
or two harbours of some magnitude in Scotkind, where the 
river was small in comparison, he meant as regarded comiT»g 
down from the interior of the country, and where the tidal river 
was very similar to the Mersey ; and in these small rivers he 
knew there were large banks always rising. I'he harbours of 
Ayr and Irvine he knew were a good deal infested with banks 
of this kind, which could not be from the quantity of sand 
coining tJown trom the interior, but were made by the deposits 
from the tide. He believed, that the more power there w'as 
given to tlie water coming from the interior of the country, the 
more would the mouth of the river be kept open. What wa.s 
the /act w’ith regard to the Clyde ? It had been going on for 
nearly twenty years, and was a most excellent example for 
Manchester ; and tliey had never heard the people of (iroenock 
or Port-Glasgow s&y, “ You are going to spoil our river by 
sending down sand.” It' had been stated, that the pro:’rietors 
of the river Mersey had not done their duty. 1’hai was correct. 
They could not go upon the continent without finding vessels 
of superior power and small dip going up and down the rivers ; 
this was to be seen in France and Germany, and he did not see 
wliy they should not have the same here. Now in Manchester 
they had four feet and a half of water in the midst of summer ; 
but, notwithstanding that, they could not get any thing like a 
respectable steam boat up to Mancliester. « 

Dr. Marshall .said he knew the Clyde well ; it was now a 
depth of 10, 12, or 15 feet, and he conceived that this was 
ow ing to the current of the upland waters. 

Mr. Buck, Chief Engineer to the Manchester and Binnhigharn 
Railway, spoke as follows : — 

I cannot refrain from taking a part in this discussion, although 
it i.s, I believe, the first instance in my experience, of the report 
of a brot.iier engineer having: been brought before the public for 
discussion. (Hear hear.) With Mr. Palmer’s views generally, 
so far as they have reference to the im])rovemcnt of the navi- 
gation of the river above Runcorn, I cordially concuA I think 
tliat with the proper application of funds, and judicious engi- 
neering, there can be no question that vessels of considerable 
burden can be brought up to Manchester, and that Manchester 
may enjoy the blessings of a port. 

Some years ago the late Mr. Talfbrd was consulted, I believe 
by the directors of the Mersey and I r well navigation, for the 
purpose ol obtaining his opinion upon it ; when he gave an im- 
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tlivoin ablo But strain navigation, l)y means of iron vessels^ 

was not then, I believe thought of. If there is sufficient water 
in tile river, no doubt such vessels can come up, but without 
ihe ait] of steam iiavig'ation, 4 think the proposed improve- 
ment ouj^ht not to bo recommended. Since I came into 
room, a piece of a newspaper, (I think the London Times), 
has been put into rriy hands ,* it contains an advertisement to 
the following effect; — To be sold, an iron steam boat of great 
“ strength and sjiecd, of iGS tons burden ; 1,57 feet in length, 

l/> in widtli, anti 8 feet 6 inches in depth ; fitted up with spa<- 
“ cious Haloon, Ladies* cabin, and every other convenience ; 
“ with two inarint* condensing engines 25 horse power each ; 
‘‘ draught oi' w ater three- feet six-inches ; and her speed has 
“ been ])rove(i to be equal to 13 miles an hour " (Hear hear). 
Witli that e\odence staring us in the face, I arn quite sure that, 
with such ii river as tlie Mersey, there can be no difficulty in 
iiringing ves.sels up to Manchester of twice that size. (Ap- 
])lain;e). . 

I laving said tlius much in reference to the navigation between 
Manchester and Huncorn, I will make a few observations on 
lhat pari of Mr. Palmeir's report, whicTi applies to the estuary 
between Uuncorn and Liv^erpool. In that report he certainly 
\ (. ntui-e;3 to place himself* in opposition to all the celebrated en- 
giat‘ers In the kingdom ; inasmuch as he says that the estuary 
is injurious to the port of Liverpool, and that ii it be gradually 
<*ontraetevl from its present width at Liverpool of 3300 feet, to 
its width at Uuncorn of 1200 feet, making it “trumpet 
mouthed," as he says, the scouring power will be increased. 
Here he is*jilso in opposition to Captain Denham. 

T earne jirepared wdth a few' notes on this subject ; and 
though thi.s is a conversazione, I take it to be more a subject 
lor a paper ; and if you will allow me, I will refer to them 
(Hear hear). 

Mr. Palmer considers the great area of the estuary to be in- 
jurious, because its extent is such as to cause the silt and the 
sands that form the bed of the estuary to be acted upon by 
the winds and waves, and subject them to change of place; 

hence the channel or line of deepest water varies.*’ He says, 
shp.ils are saiil to accumulate in the upper part of the estuary, 
and he attaibutes them solely to sands brought in by the tide. 
That is a summary of what he says in reference to them. 

Htr say s ilie saittls shift in the estuary ; they ' do so ; and if it 
were possible to fix thosi; sands in their situation, 1 am of opinion 
it would ruin the port of Liverpool. It is because they are 
acted upon by the current, and are continually changing their 
places by the action of the winds and waves that they are pre- 
vented from becoming consolidated. If they were to become 



3(i{) (hi the Mersn/ und 1 nvclt Ndvigalum. 

roil .soli dated tliey Avould pj'radually rise above the water, and 
therefore the channels would become })erniaiuntly delined and 
the estuary would no longer exist : It is possible that there 
would have been no estuary fbr^ages back if the sands had not 
been moveable. It has been stated by Captain Denham, tiuit the 
influx of w'ater is 77i) millions of enbic yards in a Jiigh spring 
tide, and that this eoincs in in five hours and twenty minutes. 
M'hatevcr those respectable boatmen who navigate the river 
may say in reference to the comparative velocity of the ebb anti 
flood tide from their observation, 1 shall certainly place more 
dependence aj>on the evidence of Captain J^enham, wlio was, 
for six years marine surve^mr to the port of Liverpool ; wlio is 
a scientific man, and who coramiinicatcd the result of his labours 
to the British Association at tw^o of their meetings. Fie lias 
measured the velocity of the stream in both directions ; but I 
(|uestion if those boatmen ever measured it. 

The tide flo^v.s five hours and twenty minutes, and t bbs si\ 
hours and thirty minutes. The velocfly of the flood tidr 
for the first hour is four miles an hour, for the seco?)d f»!, 
lor the tliird 7 ; Cor the fourth 6 ; for the fifth ; and then ii 
dirninislies from one mile an hour to nothing. In going out ii.-> 
velocity for the first hour is 4,4 miles an hour ; for the second. 
7 .i ; for the third 7 ; for the fourth ; for the filUi 41 ; and 
then it rapidly diminishes. Captain Denham stating the velo- 
city for the sixth hour to be 5 A miles an hour. 

The column of water whicii moves past Liverpool in coming 
in with a high spring tide is therefore about ‘2))/ miles in 
length. 

Mr. Ilawkshaw. — May I just beg to interrupt iftr. Buck to 
say one word. J think he has probably nHsstate<l tlu* facts, in 
gi ving the timc-s of the ebbing and flow ing of the tides ; I think 
he lias nritiJe the ebbing of the tide the longer. 

Mr. Buck — So it is. 

Mr. Hawkshaw — But 1 understand Mr. Dtiiiham settlei^l it tu 
be the other way. 

Mr. Biick— No, that is the miKtakc whiclf occurred here the 
night before. F'rom the ptreceding data th(‘ length of the co- 
lumn of water which comes in is 2f)4 miles, and that which goes 
out is 32 A miles. 'Fhc mean velocity I find is very pearly seVen 
and one-third feet y>er second, both coming in anti going out; 
but there is a very extraordinary difl’ereriee in the velocity at 
diflerent times. (Captain Denham has the hdnour of having dis- 
covered :< certain law wdncli affects tlie tides generally. It is 
this, that you may discover from tlic title itiiclf. the line corres- 
ponding with the mean level of the ocean ; a certain space of 
time is always consumed in the ascent of the tide from this line 
U) high water, ainl its descent tVoin high water to this level al- 
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AvaVK occiij)it‘s ])rociscly i1k' same time as its asmit, wliatcver 
l!i(* rise of the title may be. At Liverpool this tinn? is three 
hours ; the titU’ rist*s abovt^ tlie mean level of the ocean for three 
liours ; whether it be a hi/rh of a low tide ; a spring or a neap 
title, it is always three hoars in rising above this level, and three 
hours in descending to it. It is this great mass of water rising 
;j!)i)ve the niiMii level oi' tiie oecan and occupying the area of 
tlie estuary, which effects the scouring and maintains a channel 
for the commerce of Liverpool through tirat bar, about fourteen 
iniies distant. If this volume of water were lessened, that bar 
would increase, and most unquestionably large vessels could 
!io h)Uger come to Liverpool ; and if Liverpool were destroyed, 
of course Manchester would share its fate, so far as the naviga- 
tion is concerned^ Tlierefore it is of the highest importance 
that this point should he well sifted, and that there should be 
no doulit ahout it. 

I find then that the column of water lowing in during the 
last three hours of tlte tide, which raises the water above the 
Inilf tidal range, UvS ('ajitairi Denham culls it, is fourteen miles 
long, and that the column whicli Hows out during the first three 
iiours of the ehb is bsiU miles long, llie one comes in and the 
other goes out in three hours, consequently, tlie velocity must be 
greater out than in, in the proportion of 131- to 100. Kow I 
want to arri\'o at a comparison of their momenta ; and in this 
ease the length of the coiiunn may be regarded as the expression 
for ith volume or weight. Mechanically, or mathematically 
•sjieaUing, if we wish to determine the effect of the disturbing 
Ibrce of a body in motion it is obtained by multiplying its 
Aveight intu its velocity : but the length of the elfluent column, 
I S j miles, may represent its weight ; and the mean velocity 
ol‘ the efflux, during the first three hours is (> J miles per hour ; 
therefore the }n’oduct of these is 117, which will represent the 
monnuitum of the efflux during the first three hours. 

The mean velocity of the column during the last three hours 
of the flood is !< & ii-3rds miles per hour, and its length being 3 4* 
miles, the product of these is (if? J miles, w'hich will represent the 
momentum of th« flood during the last tliree liours. Tlierc- 
fore tlie momentum of the floo<l i.^ to that of the ebb, during 
the superior })<>rUon of the tide, when the mass of water is 
greatest, in the ratio of 65 to 117, or as 100 to 180. Here 
you see arifthe mighty means by which the port is kept open, 
it is the pow er of the top half of the tide ; if you take aw^ay 
this enormous moraentiim of the retiring lide,*ymu destroy the 
port. The Victoria Channel, which is eight miles distant from 
the Black Rock, about tw'o miles long and half a mile wide, has 
been scoured out to a depth of about twdit}^ feet at low water ; 
and this (‘ffeet lias been chiefly produced by the force whicii I 
have desi ribcd. The other channel.^ are probably silting up ; 
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and it will be better for Liverpool if they bhoukl silt up, be- 
eause the worse they become, the better the Victoria Channel 
will become ; and it is far preferable to have one good channel, 
than two or three bad ones. ♦ 

The momenta of the remaining or inferior portions of the 
tide will stand thus : — The length of the column of the hrst 
portion of the flood, that is from low water to lialf tide range, 
is 12 and 7- 1 2th miles, which enters with a mean velocity of ^ 
2-5th miles per hour, and their product representing the mo- 
mentum is 68 nearly. The length of the column of the last half 
of the ebb, namely, from half tide range down to low water 

mark, is I3| miles, flowing with a mean velocity of 3 ^-^ mile per 
hour, and their product representing the momentum is 51. Con- 
sequently although the quantity of water discharged is the 
greater, the momentum of the ebb is less than that of the flood 
during this inferior portion of the tide, in the ratio of 6.H to 51, 
or as 1 00 to 79 nearly. ^ 

Here the momentum of the flood is the greater, hut it takes 
place when the ectuary is comparatively empty. This part o(‘ 
the ebb does not reach Ihe Victoria Channel before it is met by 
the returning flood. And because it occupies a much smaller 
sectional area, its mass, and consequently its ((bsoluiv momentuiTi, 
is very much less than that of the first poition of the ebb. 

If wc compare the sums of the several ratios here tibtalned, 
in order to take the mean of the entire tide, the momentum of 
the flood is to that of the ebb as 100 to 1 ‘ 29 |: but this ratio 
holds good only on the supposidon that the sectional urea of 
the stream is equal at all times, which is not the lacf ; and li wv 
suppose that the sectional area of the first hall of the ebb tide is 
twice that of the last half, (this supposition being probably very 
near the truth,) then the comparative momenta of the flood 
and ebb during one entire tide will be as JOOtoLir). With 
this great preponderance in favor of the ebb, it i.s tliercforc im- 
possible that the tide can cause the filling up of the estuary. 

Mr, Palmer proposes, as I stated before, to narrow tlic chan- 
nel from its width at Liverpool to its width ‘at K uncorn. Now 
the volume of water, as hat been previously stated, which flows 
out of the estuary as it is, is, in round numbers, 779 millions 
of cubic yards ; but the quantity w’bicb would flo^ out nj^m 
Mr. Palmers plan would be about ifiS millions of cubic yards, 
being in the proportion of 478 to 1 00, —call it five to 
CT'c. Eut what would be the difference in the effect ? 
The effect would be diminished in a much greattu* ratio than 
that of five to one ; because if there were only one fifth of the 
quantity of water, its velocity would also be re(lnc<‘d to one 
fifth ; for th(* .small quantity of water w^oukl take as much time 
tn flow out a.s the large (jiiautity, because it f'annot go off’ fa.ster 
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than the tide falls ; it must take the whole time to run out. 
'J'hcrefore the effect would be diminished in the ratio of the 
squares of the velocities ; and taking into account tlie fractions, 
it would have a disturbing fofee, by which the shoals are re- 
moved and the bar kept open, equal to only one twenty-third 
part of that whicli now exists. Perhaps all who are present 
may not be in the habit of looking at these things mechanically ; 
but 1 think 1 can, in a few minutes, explain why the force will 
dinnnisli as the square of the velocity. If, as will be readily 
admitted by all, the momentum of a body is represented by its 
weight multiplied by its velocity, I will suppose the velocity to 
be diminished one half, the weight remaining the same ; then 
the momentum is clearly but one half of what it was before. 
Now suppose the quantity or weight of the body diminished 
one half also, and then the momentum will be again diminislied 
one half, and will be only one fourth of what it was at first. 
Therefore, you see, the momentum is diminished to one fourth, 
by diminishing the freight and velocity of the bofly each one 
half. So, if we climinish both the bulk of the water and its 
velocity to one fifth of what they were bef*»re, it is clear that 
th(.* effect will be only one twenty-fifth part of the former 
efiecl. 

Having said thus much, I wdll go on to show that the estuary 
may he contracted, and that nevertheless the port may be bene- 
fitled. Here I take a view of the subject different from that (d' 
niy professional brethren of well-known name who have said, 
“If you encroach on the estuary at all, you injure the port of 
Liverpool^ — you injure the scouring effect.” Because, they say, 
if you encroach upon the estuary, you prevent so much tidal 
water from coniinj^ in as would fill that space which you will 
occuj)y by your encroachment. If that w'ere true it would in- 
jure the ]K>rt ; but I can show that encroachments may be made 
to a very considerable extent, without excluding one drop of 
tidal water from the estuary. Thus, at the moment it is high 
water at Liverpool, or at the moment the tide begins to turn, it 
is quite evident that not another drop of water can come in 
from that tide ; lAit when it is high water at Liverpool it is not 
liigh water at Runcorn ; it takes minutes, say an hour, to 
flow up to Runcorn, I procured a man to attend at Runcorn 
oft Saturday, Sunday and Monday last, it being then spring 
tides, to measure how much the tide rose in the last hour of 
the flood ; and on Sunday night's tide, which was the highest, 
it rose five feet in the last hour.. Now during the time in 
which the tide was rising these five feet, it must have been ex- 
panding laterally in the estuary : and if a sea wall or crubank- 
ment were formed on both sides, coinciding with the line ot'thc 
water’s edge, at the precise moment of high writer at. Lix tapool, 
it is obviou.s that it would not exclude a single flro]> tidal 
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water, because the water would not touch it until after the tide 
w'as ebbing at Liverpool. The effect of such contraction wouhl 
be the following r tin* water brought in by the tide v^onld la? 
compelled to occupy and movesn the deeper, parts of the estu- 
ary, which it would render still deeper ; it must move onwards 
towards Kuncorn, where it would rise* higher, because a reduced 
area would be covered by it ; its momentum would carry it 
further up the river, and its efflux would be accelerated by 
reason of its having a greater declivity and a deeper channel to 
move in. I think this is a demonstration, that an encroachment 
to a considerable extent, well planned and laid out, might be 
made in the uj)per part of the estuary with great advantage tt) 
Mancliester and to Liverpool also. — (Applause.) 

The information I have obtiiinetl as to the rise td’ tlie tide at 
Runcorn subsequent to the time of high water at Livi rpo<i], has 
enabled me to compute the tpuuitity of "water, whicii, to an 
observer at Runcorn, appears to come in during the last hiourof 
the tide, and it amounts to no less l)ian#TT millions of cubic 
yards. 

Mr. Palmer, in* order^ to enforce bis argument, referred to 
some other rivers. He referred to the Ouse, where a cut was 
made two miles and three quarters in length, to prevent a cir- 
cuit of six miles ; but the case was net analagous. 'i'hc \el(.)city 
in the Ouse was much increased by taking a shorter cut ; and 
w'e know that the velocity will be increased inversely as tlte 
square roots of the distance travel 1 etl ; in this case very nearly 
in the proportion of ten to fifteen, whilst the momentum being 
increased with the velocity, an increased scouring would lake 
place. Rut that is not applicable to this part of th^ Mersey ; 
you cannot bring Runcorn ami Liverpool nearer together, by 
shortening the course, as was the case in the Ouse, He rt‘fc*rs 
jilso to the Severn, and tells us that the tide rises 30 feet at 
Swaasea, 40 feet at the mouth of the Avon, 00 feet at the Nc'w 
Passages, (JO feet at the mouth of tlie Wye, and 70 feet at 
Cliepslow ; and tliat he has ascertained this by personal obser- 
vation. Now I. .know that tiie tide does not rise 70 feet nt 
Chepstow, by feet : if it did, a great part,of the town would 
be overflowed. Between twenty and tliirty years ago J was 
employed at Chepstow in the erection of the cast iron bridge 
there, and during tlie progress of the work the depth of water 
was registered every tide, when it was ascertained that the rise 
of a spring tide is 45 feet, and not 70 feet as stated by Mr. 
Palmer : the highest tide which took place during the erection 
of the bridge, gave a depth of 52 feet 8 inches, vicarntrcd from 
the bed of the river ^ with a dejrth of about 4 feet at low water, 
making a lift of about 4vS or 49 feet at that tide, whicli was the 
highest known for about twenty year.s. 

I will here mention a curious fact, aldiough it docs not bear 
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exactly upon the point. 'Fhe highest tide at Chepstow nsiially 
occurs at the fifth tide after the full and change of the moon, 
hilt in this case it was die seventh tide, which ouglit not to 
have been a higii one ; I>ntthc tide had actually begun to eV>b after 
high water, and it returned again producing thi« remark;i\jly 
high tide: this effect was produced by the wind; a liuri- 
cane from the soutli west having come on a. short time before 
higli w'atcr, which caused damage to the extent of about JB10,000 
along the coast of the river. I believe 1 have no further ob- 
s(‘rvations to make : my intention W'as principally to contend 
against the very fallacious reasoning of Mr. Palmer, in reference 
to the estuary of the Mersey; as to the improvement which he 
h.is suggested in the navigation of the river above it, so far as I 
undi rstand tlicm, 1 entirely concur. (Applause). 

Mr- CJihb said, he should like to ask Mr. Buck how it hap- 
pened that tlto engineers to die -Clyde trust had recommended 
v/alis n> he made, and %vhich had been made for the very pur- 
pose of doing away with the estuary whicli he said was requi- 
site for the Mcrs(*y- 

Mr. duck said the Clyde was a (Jifferent river. It was a 
grt-al river, with a trumpet mouth the same as the Severn. It 
was ‘<imil;ir to the Thames, which did not want an estuary. 
The river 'f luimes was of itself one great estuary. The Norc 
^v.is i’oi'ty miles from London, and the action iu the one would 
bo very .similar, if not precisely the same as the other. 

Mr. Cibb: You would not compare the Clyde with the 
'rhanies. 

IVlr. Ihicji. : Then I could not compare it wdth any thing. 

Dr. Marshall said, for a considerable number of years they 
hatl iieoii narrow ing the Clyde, and a gvent deal of money had 
been acquired by tlie proprietors of the land, which had been 
reclaimeil. 

Mr. Hawkshaw, the Engineer of the Bolton railw'ay, said, he 
feared, from the number of their northern brethren present, 
that, if they got on the Clyde, they .should forget there was 
.such a river as th»? Mersey. He had not liad the opportunity 
of sticing Mr. Palmer’s report before last night, and therefore 
what he had to say would be principally commentary upon the 
<>lj%ervations which had already been made. He wished to 
state, that he, in common with every one living in Manchester, 
wished to see the Irwell made navigable ; and, therefore, the 
observations he Avas make w'ere, not because lie was 

opposed to the measure, but merely on this ground, — that, if 
such a work was to be undertaken, it would naturally mejct 
with a very strong opposition; and it was quite clear there 
would be no chance whatever of succeeding with it, unless it was 
attempted iu the best maimer. Jt would be utterly impossible 
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for Manchester to obtain powers for making the upper part of 
the river navigable, if it was attempted in a manner which 
^vould hinder the entrance to the Mersey. Now he did see very 
considerable diffienUy in combiiting the two. He did not mean 
to say this difficulty was insurmountable ; but still he did not 
think Mr. Palmer’s plan would accomplish il. In the first place 
lie would stiite the error in Mr, Palmer’s report as to rca.soning 
on certain causes and effects, which might be applicable on that 
part of the estuary between Liverpool and Runcorn ; and, ap* 
plying that reasoning to the mouth of the river, he thought 
what Mr. Palmer suggested would inpire the mouth of the 
river. Mr. Palmer stated, that the ac^ciimulations about liun- 
corn M’ero greatest when tlie water from the uplands was least. 
Tliis he believed to be correct, and it must naturally b(‘ tlu* 
ease. Mr. Palmer gave this as a reason, among a number of 
others, why be conceived it was the water of the uplands tliat 
kept open the port of Liverpool. But it was <piite clear, that 
wlien there was a diminution of water f^jom the uplands, that 
circumstance w ould also cause an accumulation about the mouth 
of the river. There was another remark of Mr. Palmer’s, 
which, he thought, ’wotdd go to prove this. He said, suppose 
the port of Liverpool was a bay only, it would silt up, whicli 
he (Mr. Haw’-kshaw) belicwed was quite true. If no water w'ere 
to come down from the Irwell, then it would .silt up. I’lien, if 
this was the case, they w’ould accelerate the silting iip by taking 
aw^ay the back water. If they took away the back water, it 
would give it the character of a bay, and that bay would no 
doubt silt up. His reasons for supposing this were taken from 
the Kibble and the Dee ; and the port of Liverpool w'as kept 
open, in his opinion, from the great press of the cohimnof 
water, which, after having flowed up l)y the tide, had to make 
its egress, and pass out again. Some observations had been 
made as to the nature of the deposits ; but that did not appear 
tr> him of the slightest consequence. He thought tlie effect of 
this estuary was to widen it as well as to raise it. He quite 
agreed with Mr. Palmer, that, for the purpose of getting a 
sufficient depth of water all the way up the river, it would be 
desirable to contract the estuary, and give il .some regularity of 
outlet ; but he thought tlAit carrying such a measure into exo- 
ctiiioii would lead to stopping up the mouth of the river, and 
he did not know how that could be obviated but b|: continuing 
the embankments out. That would leave things nearly the 
same as they found them, — the quantity flowing in woul<l 

be diminished, but the force going out would be the same. 
That would be an enormous work ; but he feared that contract- 
ing the upper part of the estuary in the way that Mr. Palmer 
proposed, would injure the mouth of the river, and, if that was 
really the case, it would be vain to attempt such a measure. It 
would follow^ therefore, that some other measure would have to 
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be tlevisetl It appeared lo him that the requisites for keeping 
open the port of Liverpool were opposec^ to those for making the 
u[)per part of the river navigable : at the same time he was of opi- 
nion, that that which was requisite lor the port of Liverpool, and 
which at present w^as the means of keeping it up, became inju- 
rious from its own action. He agreed with Mr. Palmer, that 
the influx of the tide, by washing away the shores of the wide 
part of the estuary, was gradually filling it up ; and he knew 
that what had formally been part of the estuary, was now 
covered with grass. Therefore, in course of time this would 
silt up, but it would require a protracted space of time, and 
Liverpool could then be kept open only by contracting the 
mouth of the river. If the neck of the bottle were made less, 
the mouth of the river must be contracted also. Mr. Palmer 
drew a comparison bc*tween the eastern and western coast, and 
thought the cases were not parallel ; because, on the eastern 
coast, lie s/iid there were beaches of shingle, the component 
parts of which must find a resting place somewhere. He (Mr. 
Uawkshaw) however, ?oiild not see any difference, because the 
component parts were all alike. It was known that there w^as 
a tendency to sand banks on the westerr^ coast, *and nothing, in 
his opinion, would keep the port open, but the efflux of large 
bodies of water ; .and it was his opinion, that the reason of the 
]>ort of Liverpool having been kept open .so long, was its 
having a large estuary at Huncom. 

Mr. J. F. Bateman said, reference had been made to the 
( lyde ; but there w'as nothing similar in the two rivers, e.xcept 
the susceptibility of improvement The depositions in the 
(’lyde were lyica slate, and' the sand was quite different. 

Mr. Lingard s.iid, with regard to what Mr. Buck had said as 
to Mr. Telford's opinion, he believed, was not quite correct, as 
Mr. Telford’s opinion wa.s, that it was not desirable, as the 
expense of doing it would be more than the advantage. Now 
tliough Mr. Telford might be a clever engineer, yet Man- 
chester gentlemen would be better able to come to a decision, 
if lie would tell them the expense, Mr. Buck, in reference 
to the Victoria Chaiviel, had said, it was much better to have 
one good channel than three bad ones. That was exactly in 
accordance with the views of Mr.* Palmer. There were a 
good, many channels in the estuary, and he wished to have 
but one, and^ force the water out. Then with regard to the 
water of the Ouse, Mr. Buck stated, that the cases were not 
at hll analogous. Mr. Palmer did not state tbeni as being 
analogous ; but what Mr. Palmer said was, that the same opi- 
nions were held by the parties there, that were now enter- 
tained by the partes at Liverpool ; but these operations had 
not been verified in carrying out the work. Mr. Gibb liad 
asked a question as to the nature of the deposits ; and Mr. 
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Fairbairn said, tlu* accuinulfition at the mouth of the river 
was generally, if not* entirely, borne down by the flooils. 
That had not been answered, and he tlionght it desirable it 
should be. Mr. Flaw'kshaw* had stated, that tlu; estuary was 
considerably wider than it was formerly ; but from some charts 
of it as it was a hundred years ago, he believed the width to 
be nearly the same. 

Mr. Hawkshaw said, he did not mean that the winter space 
was wider, but the banks had been thrown dow n. 

Mr. Bateman said, he quite agreed with Mr. Palmer as to 
the Ouse: but the analogy did not liold. It was merely done 
to drain some fen lands. The parties at Lynn were afV;iid, 
that the greater scouring power obtained would wash away 
the banks ; but the result turned out different, for the river 
lef^ the quays. 

Mr. Buck said, there was no analogy between the <^>use and 
the Mersey below Runcorn ; but it was precisely what Mr. 
Palmer proposed to do with the other parts of the river, as 
he intended tcx> cut across the tortuosities of the river above. 
Mr. langard had misapplied his argument, W’heu he s.dil otM> 
pood channel was better than several bad ones. He thought 
it better that the channels in the estuary slmuhl be separated, 
as, if they confined them to one, he had not the slightest 
doubt it would silt vip. If the operation of silting had het n 
gmng on, no doubt there would have been seen a great al- 
teration in the course of a man's life. 

Mr, P. Clare said, he was very ghid to hear Mr. Buck al- 
lude to the mouth of the* river. lie thougiit that W'lis one 
of the most important points to be considered. In relVreiu-e 
to the deposition of silt from the water, he a]>prcdiendcd tlmt, 
during the time the water w'as falling, \'ery little deposition 
was going on; and that it was when the w'ater was at lesl, 
that the greatest deposition took place. Now , if tliey con- 
sider the mode in which the water fell into the estuary of the 
Mersey, he apprehended that at the commencement of the 
flood tide the flow of the water at the* bottom of the river 
would be nearly at the ^ame velocity as at the surface ; and 
at length the water would all flow upivards, then after that 
a straightness would take place, and the whole water Would 
be at rest, and then it w*as that the deposition took place. 
Now he apprehended that the mass of sand which was at the 
mouth of the Mersey, Was in a great degree occasioncnl by 
the estuary of the Mersey ; and he thought it was very pro- 
bable, if the Mersey was scoured in the way proposed, that, 
instead of the large accumulation of sand which now existed, 
there would be a much less accumulation. The tide came in 
from the west, at right angles to it. He apprehended that the 
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water wliich was filling up above the sand banhs towards the 
sea, was supplied by a lateral current, and that this supply of 
water at the surface would prevent the water at the lower part 
l)eiu^ in motion as soon as it otl^erwise would. 

3'Iie discussion was then adjourned to Thursday Evening, 
I’ebruary 1 8th. 


AD-iorriiNiii) CONVERSAZIONE, Febrttart 18th, 1841. 

Mr. CoNSTERUiNB in the Chair. 

The Chairman, in commencing the proceedings, said, gen- 
tlemen wn)ultl ht‘ aware tliat this was a second adjournment of 
the conversazione, arising dut of Mr. lungard's reading of Mr. 
Palmer’s survey of the rivers Mersey and Irwell, with a view 
to their improvement.* Many gentlemen w'ere present w o?e 
opinions they were desirous to hear ; and it w'ould be desirable 
f or each to be as brief as possible, and ty confide himself to the 
suljject of the imi>rovement of the rivers Mersey and Irwell. 
Me then called upon 

Mr. Joseph Radford, who said, the additional depth to be ob- 
tained in the river, between Manchester and Weston, to attain 
ten feet water, had alarmed many persons as a very heavy un- 
dertaking. He wished to ^ate, that the powers of steam 
dredging were very little ktwwn in this part. Mr. Lingard 
gave an exaipple of a dredge removing 700 tons per day, and 
he (Mr. Radford; had much pleasure in bringing before them 
some valuable facts connected with the subject. An experi- 
ment was made in the king’s moorings, off Woolwich Dock- 
yard, by a Mr. Hughes, for 14 days. The quantity excavated 
and lifted by 30 horses’ power, from an average depth of 30 
feet, was at the rale of 2000 tons a day. He found another 
example on the Caledonian canal, of a boat of 10 horses' power, 
lifting 1500 tons a day; and another example, in 181 o, of a 
dredge boat lifting 2570 tons in ten hours, at the East India 
Dock -gales, in a contract with the Corporation of the Trinity 
House. He had here a model of a river boat, made by the 
sou of his partner, Mr. Eiward Radford. She was called the 
Rochester, and plied between New York and Albany. Her 
length was 20<) feet 10 inches, 24 feet beam, and 8 feet 6 inches 
depth of hold ; and she drew four feet water, With an average 
load of passengers. She made the passage from Albany to 
New York, on the 1 4th June, 1837, in ten hours and one mi- 
nute, the distance being 1 .50 miles. Her average speed was 
upwards of 14 miles per hour ; and her greatest speed, ifi miles 
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and a halt. Such a vessel, with the present Iwks in the Mer- 
sey and Irwell leng-theiied, could take passengers — a thousand 
passengers at once — from Manchester to Liverpool ; and, in 
Mr. Stephenson’s work on engineering in America, amongst 
vessels of this kind which were mentioned, was the OiraJJ'c, 
which was 175 feet long, 26 feet beam, and only 4 feet draft. 
He thought these facts very encouraging, as to the passage of 
large vessels, with a small draft of water, in our own river. It 
appeared, from the proceedings of the last conversazione, that 
a little misunderstanding existed as to what Mr. Palmer recom- 
mended ; for, although lie talked about an alteration of the 
estuary from Weston Point to Liverpool, and 54 pnges were 
devoted to his reasoning, he did not find any recommemlation, 
or any particular description of the plan of the improvement, 
until they opened page 56, where he said, At present the ex- 
tent of the improvements I have to recommend, reaches no fur- 
thei down than Weston Point.’' But they occiiined tlic w hole 
of their time last evening in discussions «pori the estuary. Mr. 
Buck had stated that he approved of Mr. Palmer’s plan, as j'ar 
a the improvement was propo.sed between P uncorn and Man- 
chester ; but a difierenbe of opinion W'as expressed concerning 
the entire estuary. Now% on an examination of Mr. Palmer’s 
plan, he thought they could show that the distance from Pun- 
corn to Weston was so inconsiderable, compared w^ith the whole 
estuary, as to leave very little to differ about. He should wish 
to know whether Mr. Buck objected even to this small altera- 
tion, which was included in the t^ujitaiice between Uuncorn and 
Weston. 

Air. J. F. Bateman said, at the request of Mr. Pliirhairn, he 
had been induced to bring forward his report on the improvtv 
ment of the Mersey and Irwell navigation, to which that gentle- 
man alluded in his letter. It was prepared last spring, aftc r 
an investigation he had been induced to make on the improve- 
ments which might be effected in the river at Uuncorn ; but it 
was withheld in consequence of the subject being then under 
investigation by Mr. Calmer, Air. Bateman then read the re- 
}>ort. of which the foUowring is a copy. 

RU tv CORN GAP. 

To the Company of Proprietors qfii^the Mersey qnd IrwcU 
Navigation. 

“Gentlemen. — In uiy recent investigalion at Runcorn, and the 
best means of improving the navigation there, 1 was led to the con- 
sideration of the general iinprovcment of the river Mersey, and 
particularly of that part which lies between Rnneom and Warring- 
ton. A inode of effecting this in a manner which appeared to me 
likely to be beneficial to every parly interested, suggested itself; 
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and, in the belief that it is deserving your attention ail'd considera- 
tion, I take the liberty of laying it before you. 

** The improvement of the river for navigable purposes is a sub- 
ject of great importance to the proprietors of the navigation — to the 
town of Warrington, and to all who can participate in the advan- 
tages wliich may be expected to result. It is a subject which has 
frequently excited the most serious attention, and it appears re- 
cently to have been taken up with a spirit from wliich some practi- 
cal and useful result may be confidently expected. 

The river possesses within itself the means of very great im- 
provement; and I am convinced, that, if these resources were 
sufficiently investigated and developed, no great length of time 
would elapse before we should see vessels of three or four times the 
present burden, unloading their cargoes at the quays uf Manchester. 

It is becoming of daily increasing importance, when we con- 
sider the vast iinjietus which must be given to the trade of Man- 
chester and its neichbourhood, by the many important railroads 
which are now constructing — the great increase in the carriage of 
merchandise which may consequently be expected — the important 
benefits which the Inland Bonding Byi, if siMTered to pass into a 
Iaw% will confer upon the town, and the probable increase in the 
carriage from that cause also — with the necessity of carrying the 
facilities of inland navigation to the highest pitch of perfection, in 
ord<3r to ctipe with the powerful rivalry of collateral milroads. 

The river, as far as the navigation extends, maybe considered as 
naturally divided into three parts ; from ldverj>ool to Runcorn ; 
from Runcorn to Warriri)|toii ; and from Warrington to Man- 
chester. 

• 

The first is a wdde and open estuary or inlet from the sea, navi- 
gable at high water of all tides, for vessels of considerable burden ; 
and being from its nature susceptible of little improvement beyond 
tlie deepening and straightening of the channels. At high water, 
it is for the most part from two to three miles in width ; but, at low 
wat<’r, the channel is generally not more than 200 or 300 yards. 
Upon this portion of the river; steamers ply regularly at every tide, 
between L-iveriJuol and the various canals which enter the river near 
the town of Runcorn, for the conve 3 ^ance of goods and passengers, 
and for tugging vessels ; and it foams the utmost extent to wliich 
the natural navigation of the river, assisted by the tides, can be 
fegularly^nd certainly made. 

"The second division forms the upper end of the estuary, smxir- 
ated from the lower part by a narrow strait c^led Runcorn Gap, 
where the opposite rocky shores approach to within about 400 3 'ards 
of each other, projecting considerably within the limits of high 
water, both above and below. It is nearly a mile wide at the lawyer 
end, and terminates upwards in the ordinary tffiannel of the river, 
which is probably about a hundred yards in width. It is only 
navigable at high water of spring tides, for vessels of more than 
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40 or 50 tons burden, and has been found so l>eset with ineoii- 
‘ vcniences and difficulties, that the navigation of it has been nearly 
abandoned, artidcial canals liaving been constructed inland, lor the 
j)UTpose of carrying on the coinmuiycation. 

The third portion lies above the reach and influence of the 
tides, and is strictly an ariiflcial river navigation, having been ren- 
dered available for that purpose by locks and weirs, to the town of 
Manchester, and shortened and straightened in various parts by 
artificial cuts. It is only now, however, capable of being used by 
vessels ordinarily about 40 or 50 tons burden, drawing about four 
feet of water. The depths of the pools vary considerably, being in 
many cases 10 or 1 1 feet, and in others not more than four or five 
feet. 

“ The navigation of this part is capable of being greatly im - 
proved, and may be adapted at a reasonable expense to the convey- 
ance of vessels of 150 tons burden, or probably inore. 

" Sev<iral bridges would prevent the passage of lngh-mast(‘d 
vesvsels; but all steamers, and such vessels could sufficiently 
lower their musts, might make the entire navigation. This is ]»er- 
haps now of less impvn'tauce than it would formerly have a}>j)eared, 
as, from the rapid progress ^eam navigation has recenOy made, we 
may reasonably expect a very large proportion of the f5*adc will be 
carried on by that inefins ; while, to a considerable extt'ut also, 
vessels expressly adapted to the circumstances of the navigation, 
would no doubt be constructed. A survey for the jmrpose ofre 
porting the most effectual means of accomplishing tlic improve- 
ment of this part of the river is now ir^rogiess, and 1 liave little 
doubt the report will he of a satisfactory nature. 

Tlie main difficulty in the way of a general irnprow^ineni to 
ibo town of Manchester, so as to take vessels of the size abov(' 
mentioned, appears to exist in the inconvenient state of the navi- 
gation between Runcorn and Warrington; and it is to the. im- 
provement of that portion of the river that my tiliention lias been 
particularly drawn, and to which 1 shall confine my observations. 

Whether any definite plan for the improvement of this jiart, 
or the removal of its natural difficulties, has ever been projiosed, 1 
am not aware hut from the opposition which all attempts to carry 
bridges over the estuary at, or above, Runcorn Gap have been 
met with, and from the jealous^' "with which any encroachment on 
the tideway has been watched, the general impression seems to have 
been that it was necessary to keep it in its present slate? — that of 
an open unobstructed tidal river. 

I rather think Vhere has been, generally, a kind of vague idea, 
that some important plan of improvement would sometime or other 
be projected, and an ajijirehension that any alteration in the river 
might tend to prevent the accomplishment of the anticipated 
sclieme; and, therefore, all parties have been particularly anxious 
to keep it in its natural and original stale. 
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“ 'Fhc oxaininalioii I liave made of llic liver with iurorixialion 
obtained respecting it, and a cavefnl consideration of all the circuin- 
sianci^s connected with it, have led me, however, to the cotudnsion 
that so long as the river above Runcorn remains an open esii:ury, 
washed over by the tide, it will be im})09sible to effect (cxcc|)i at 
an onorinoiis expense) any advantageous or permanent improve- 
ment. 

“ I'hc main difficulties under which this part of the navigation 
labours, are want of snlHcient depth of water ic^ carry vessels of 
any size up to Warrington, except during high spnng tides — the 
sht»rt period of time during which it can even then be done — the 
circuitous and ever changing channels — and the constant alterations 
of the sand-banks which are operated on and shifted botli by tides 
and land floods. 

'I’o remove these difficulties — to secure a constant and unchang- 
ing channel of sufficient ^epth to allow nearly all vessels to go up 
to VV^'anington at any state of the tide, that can reach Runcorn 
Clap —to give a long:er period of time during which the navigation 
can Ix^ made — to do away wdlb the danger and annoyance of being 
nea|.)cd on sand banks, as at present— ^nd to do all at a reasonable 
and warrantable expense, and so as not to injure the navigation of 
the port of Liverpool, nor injuriously to affect any other interest, is 
the end to be desired, and the end which, I hope to be able to show, 
the plan I have to suggest will he sufficient to attain. 

I have mentioned, that the width of the river at Runcorn Gap 
is about 400 yards, and it is hounded at each side by precipitous 
Viteks. The tides hero, even when pressed by strong winds, never 
rise more than 20 or 21 feet; and at low water the greatest portion 
of' the channel is dry, thei'e being little more tliaii a few feet of 
ualor in any part. 

The plan 1 have to propose is to throw an embankment across 
the river at this place, with proper and sufficient locks and flood 
gates to admit and discharge the tidal waters under certain regn- 
lations, 

Vrere the question merely, confined to the best means of im- 
proving the navigation from Runcorn upwards, without reference 
to any effect to be produced below, a simple embankment or weir, 
with self-acting flood-gates to adnflt and impound the high tide 
;^vater, with such locks as might be necessary for the navigatiem, 
would bQ»all that would be required ; for by that means you would 
have a pool constantly tilled, deep enough to float vessels to and 
from Warrington, at every hour of the day, drawing 12 or 14 feet 
of water. 

" But it becomes a question as to how far the obstruction to the 
flow of so much tidal water, with its scouring effect upon the chan- 
nel during ebb tide, would affect the entrance to the port of Liver- 
pool, or the navigation from Liverpool to Runcorn ; and I am of 
opinion, that, unless measures were adopted to prevent it, an ein- 
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banknient only, which would constantly keep wp the water, would 
have an injurious tendency. 

** To prevent this, and for the piiipose of always maintaining a 
deep channel (and I believe in a ihore efiectnal manner than can 
now be done), I would propose the construction of sufliciently ca- 
pacious flood-gates. to dischaige at half ebb of spring tides, when 
the most effectual scour is going on, the whole body of water 
which is impounded, refilling the pool a! the next tide. 

" Having thus stated generally the nature of the plan, I will 
proceed to explain it more in detail, to point out what 1 consider 
its advantages, and to investigate the objections winch, it appears 
to me, may be urged against it. 

The average height of the tides at Liverpool over the old dock 
silt, is about 15 feet — the highest being about 2 1 feet, and the 
lowest 10 feet. These measured from low water are resj>ecLivcly 
about 33 feet and 23 feet. ” 

An 18-feet tide at Liverpool, being an average spring tide, and 
about 30 feet in the river, will rise about 15 feet at liuncorn, and 8 
feet at Bank Quay, pear Warrington. 

*'Such a tide will allow >68801$ drawing 13 feet to reach Run- 
corn, and such as draw 8 feet, about 100 tons binllcn, to go for- 
wards to Bank Quay. A neap tide will scarcely bring a vessel 
diawiug 8 feet to Runcorn, and it will cairy nothing at all (but a 
flat, perhaps) to Warrington. 

** The average of vessels drawing the gi*eatest depth of water 
which reach Runcorn, may probably be taken at ieet, varying 
from 100 to 200 tons burden ; and this size includes nearly ail 
the Coasters, those engaged in the Irish j)rovision t^ade,* and 
Steamers. . 

"At present, such vessels can only get forward to Warrington, 
at the very highest spring tides, perhaps two or three times in the 
course of the year; hut, hy the plan suggested, they will he able 
to do so as often as they can re-ach Runcorn ; and, when once at 
AVarrington, all steamens, and such vessels as can lower their masts, 
may go on to Manchester, when the necessary improvements on 
that portion of the river are effected. • 

" It seems that the differentf^e in the depth of water between 
Runcorn and Bank Quay at high tide is about 7 feet. Of this 
J am inclined to think 4 or 5 feet is attributable to the natural 
declivity of the ground, and the remaining 2 or 3 feet to the fall 
in the surface of the flood tide, vrhich, I apprehend, never at- 
tains the same relative height at Bank Quay as at Runcorn. If 
I am right in this conjecture, the effect of* an embankment will 
be as follows : — 

" A tide rising 15 feet at Runcorn will (as 1 have shown before) 
give as the river is at present, 8 feet of water at high tide at Bank 
Quay ; but supposing this fide to be retained at Runcorn, and 
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|>rf'veiito<l from tiowiiig back, llir. walor woiiltl ‘jvaJuab)/ jrv-;i it- 
solf, ]»y rising at iiaiik (J^iiay, ami falliiig^ at itiujc-oiu ; and if 
the width of the river were, the same from one end to llie t)tlu r, and 
tlic diHevcnco to begin with w'as 3 feet, it would ris ^ } hwjt (i he 
ehes at Bank Quay, making tlici depth of water thcK' 3 ieot (» 
inelies, and fall the same amount, I foot (> inches at Kuneoin 
rt'ducing that dojUh to 13 feet 6 inches. As thi'. vivur, liovvevt i, 
is much wider at the lower than the upper end, llio lall at liuij- 
com w'ould he less than half the amount of the didl'renee, and 
tlin rise at Ihink Quay more than lialf, — making the depth tlieiv 
probably ten fee.t. Suppose further, that tlit? land or river water 
was allowed k> flow into the pool, so as to raise the entire stirfac'' 
to tlje l(.'vel of the original tide, 1*5 feet at Kunconi, which woulii 
o<‘CAipY about a day and a half, there would be a depth of 11 feet 
at Bank t^uay; and, su{>posirig the river is then allowed to flow 
on through line ])ool as usual, wo nm.st add the fall or declivity 
in tlie surl;u:e }joc<'.ssary to*give it the requisite velocity ; — tltis 
won hi he ahont 2 or 3 inches in a mile, and the distance hi.ing, 
"jv 7 mill's, we should* have aii addititmal deptli of fronj i foot 2 
inches to 1 fiol 9 inches to add, making the total dejith at Bank 
Quay from 12 to 13 feet, being a gain of from to 5 fiiel. deptli 
of w'atcr. 

“ A.s this d(i{»th is 2 or thr(*e feet more than is required to 
boat a vessel of 10 feet draught, it will bt) sutlicietit if wc rt'taiu 
a tide rising 12 or 13 feet at Runcorn, or 15 or 16 feet over the 
old dock sill at Liverpool. It is of im])ortance U> mark Ihi^y 
its you will perceive by observations T shall liave to minke up«.>n 
the scouring* power I propo.se to substitute. 

Laying inside for the present any consideration of the edect 
which may be prtjducod below Runcorn, I can see no uhjc. timi 
wliicli can reasonably be urged against it, but the possibility of ilu^ 
river gradually silting up, by the deposition of material brought 
down by flt)ods. The mode I have, to suggest of scouring out the 
channel, will, I think, almost entirely remove the possibility of this 
being the case, in the navigable channel ; hut, even witliont that, 

I do not think it would have such an eflecL The rivm* would 
maintain ii.s course and current along the deep, depositing whatever 
it might bring down* on the sand banks and sliallow.s at each side, 
where there would be little or no currt^it, thereby gradually raising 
and preparing for agricultural purposes, an unprofitable waste of 
sandSs, washo^ over now by every high tide by which they are fre- 
queiuly removed and carfiod ititb the deeps. 

1 know many instances of rivers maintaining a distinct course 
through large lake.s; but two, w'hich must be fatmliar to lU'arly 
everybody, will be sufficient to mention. The Rhone tbroiij^b the 
Lake of Genieva, a distance of 37 miles, and the river Bann, for I«S 
miles through Lough Neagh, in Ireland ; each river maintaiumg 
a deep and elislinct channel through the entire length of lake. I he 
Rhone, however, and, I have no doubt, the JBann also, forms a delta 
on first entering the lake. 
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** I think that, generally, the channel would be improved ; an<i 
if deposit was to take place in the upper part of the estuary, where 
the river w^ould first enter into comparatively still water, it might 
easily be removed by dredging. * 

"'J'he benefits to the town of Warrington, in particular, must he 
too obvious to need any remark. The Saiike 3 " Canal would obtain 
a much better entrance than it has now; and the Mersey and 
Irwell Compimy would have so much of their navigation perma- 
nently improved, and rendered available for a large class of vessels, 
which they may then take on to Manchester. 

“We now come to consider the effect which may be prodm.-cd 
upon the channel below Huncom Gap, and upon the entrance to 
the port of Liverpool. 

“ It would be of little use to suggest plans for the improvement 
of the upper part of a river, if the mouth were to become so click cd 
up that no vessels could euterr and, in the maintenance of a ciood 
entrance to the port of Liverpool, the Mer/sey and Irwell Canal 
Company is as vitally interested as any party can be. 

“ I hope to be -able to show, that, so far from the sngg€*Rled w orks 
being likely to do injuvy, they will assist in scouring uut and 
deepening the channels all the way out to sea. ^ 

Much evidence was given, in the trial betwdxt tbc Old Quay 
Co. and the corporation of Liverpool, in 1837, relative to the scour 
of the river; and from that it appears, that the most effectual in 
cleansing and deepening the channels is that produced by the ebb 
tide, when about half down, and the land floods ; the latter losing 
much of their jjower, however, in the lower part of the estuary, 

" As this aceprds strictly with my own observatioil, and the in- 
formation of those connected with the river and daily navigating it, 
I have no hesitation in taking it as the fact. 

“It appears, then, that the early part of the ebb tide is of little 
service in improving the navigable channels of the river; and in- 
deed this must be obvious, when it is considered that the water is 
then running with pret^ nearly equal velocity over the whole bed 
of the river, and removing probably more sand from the banks into 
the channels that it carries out of &6m. * 

“ Now, if any considerable portion of the water that is thus 
wasted, as it were, could be retained until the tide was half dpwn, 
and then set at liberty, it would have the effect of keeping up the 
river for some hours longer at the most effectual scouring point, 
and he tlius enabled to work deeper into the channels, and caiTy 
the sand or silt removed further out to sea; 

“ I think 1 can make it clear, that this will be the result of the 
scheme proposed during spring tides; and that, during neap tides, 
or whenever prevented from flowing beyond the gaj>, the water will 
rise higher at Kuncorti than it can now, and consequently increase 
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llie velocity of the ebb. In either case there will be a strong ten- 
dency to improve the channels both gbove and below Liverpool. 
The estuary, to begin with, will contain nearly, if not quite, as much 
tidal water as it does now, and un4er regulations which will render 
it of more effectual service, while eventually the improvement of 
the deeps will enlarge its capacity. 

The upper part of the estuary and rii'^cr, from Runcorn Gap to 
H«>wlcy Weir, at Wairington, containing at high water of spring 
tide (including Haltou Marsh) about 1,300 acres, is about l-17th 
of tlie entire area of the estuary above Rock Perch. In spring 
tidt's, af high water, it contains from 1 -30th to l-2dth, and in neap 
tides from l-e50ih to l-40ih of the whole body of water. 

Mr. Giles, in is evidence for the corporation at Lancaster in 
the suit before referred to, calculates the contents of the river at 
ordixjary spring tides, from Runcorn to Warrington Bridge, at 10 
i millioii tons, or about 13,733,000 cubic yards. As a 15-feet 
tide at Runcorn falls 8 feet io half ebb, considerably more than half 
i)ie (juantity has fioweej out before that time, so that the remainder, 
say six million cubic yards, is the only jxortion that is effectually 
employed in scouring the deep. As ibis is six Jiours in ebbing 
out, the velocity becomes so trifling towards the end as to be iu- 
eflectnal. 

“ In neaj) tides the effect is proportion ably less. 

The late IMr. Nimmo, m his evidence for the company in the 
same cause, gives from actual measurement the ordinary flow of 
the river above Warrington, and the depth of a very heavy flood 
over Woolston weir, from which 1 have been able to ascertain its 
volume. , 

** From Mr. Nimmo’s observations, the fair average of the ordi* 
nary quantity may be taken at 40,000 cubic feet, or 1,480 cubic 
yards per minute. 

The flood appears to have been about 580^20 cubic feet, or 
21,493 1-3 cubic yards per minute, or nearly one tnillioa and a 
half an hour.— probably nearly equal to the tide a half ebb. It 
was running at the rate of 113 yards in a minute, or nearly four 
miles an hour. 

“ It is half ebb at Runcorn rather earlier than at Liveipool ; and 
from half ebb to the commencement <9f the flood tide at Liverpool, 
there is about three hours. It is daring the period that I would 
propose to discharge the water which would be retained above our 
embankment. 

1 have stated, that a 15 -feet tide at Runcom«has fallen eight 
feet, or to half ebb. If flood-gates weie constructed in the bank, 
60 yards in length, S feet in depth, and opened at half ebb so as 
to obtain an average pressure of eight feet to the bottom of the 
discharge, the quantity discharged in the three hours would be 
nearly six million cubic yards, or about the whole quantity now 
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contained in the estuary with u similar tide atlialfeld), und requiring 
six Ijoiirs to flow out. 

If the discharge sluices occupied 100 v ard.s in li nglh, instead 
of 60, being then f- llh oflho width of the gap, the discharge in 
the three hours would be more than nine millions and a hall cubii' 
yards, being half as much again as all the water now left in the 
estuary at half ebb, aud more than 2'3ds of the whole contents 
measured at high water of spring tides, and nearly ecpial to tin? 
whole quantity at half ebb added to three hours of such a flood as 
Mr. JSimmo iiientioued. The discharge would be at a velocity td 
10 feet per second, or nearly seven miles an hour, and w^oidd, after 
mixing with the other water, maintain a velocity of three or fuui 
miles, which is much greater than the mean velocity after half ebb ut 
present. 

“ Tbere camiot be a doubt, I tbink, that, under such rc'guhuitniSj. 
the scouring power would be greatly iv creased ; and, wliih* ])eIow' 
|])c gap. the direct force of this power ivoiild be employed in efl ep- 
• ning Ujc cbannel and carrying out tbe saitrl and sib to sr jj, tbr 
volottity of tbe current above the gap w'ould be so nua.'b increas*‘d 
and confined (o a parijcubir direction, that tbe channels t]jer<* wunlil 
also be deepened, and any casual deposit carried tun : so tiial, ind<;- 
pendent of other iinprovemoiils, the channelsHif the w hole rivtw 
would be improved from Warrington to the sea. 

“Alter these discharges lljo ]) 0 ol might be refilled at tbe next 
tide, or whenever the tide rose more than 13 feet at Runcorn. At 
the lowest spring tides, for three or four days toge‘th<*r, and at tlu; 
liigliost, for sevoji or eight days togetiier; pevba]>s twice ea<di day; 
but at any rate, every alternate tide, and even nuicli less frequeni]\ 
jliati tliis would, I am satisfied, be foiuid ain]>ly guflici(>.it. 

“ 7’be next point is, that, by the tides being ]>revented from flow'- 
ing beyond Runcorn Gap, they would rise higher there, and, by 
thus attaining a greater head or elevation, w'hich will bo an atkli- 
tional advantage, woujd produce an incrixised velocity in the ebb. 

“ 7'ho tide floAVS past Riincorii at the rate of five miles an 
hour ; ami if stopped there by an embankment, and jirevented 
tVijni flow'ing up to Warrington, and fllUng that ])arl of lh£‘ 
estuary, the momentum, w'hich impels it foi’ward for an hour 
after it has turned at l.*iver}*t)o}, w'duhl cause it to impound in 
front of the embankment. P'rom calculations I iiave nia<le, J 
am disposed to think that the additional rise wuvdti j^obablyhe 
about ]- 20 tli of the total depth of water, or from four to nine 
inches, according to the lieighl of the tide. 'I'his amount, small 
as it ;ipi#cars, would l)e of service in neap tides. 

I have DOW', 1 tliiuh, gone over the main points wliich ap- 
|)(\ar to me materially to bear upon the cpiestion ; and I liope 
I liave succeeded in explaining them in such a manner as to 
» ‘ lulor them intelligible, and enalde you to understand my views. 

‘^Jf I am any thing near! 3 ^ right in the flnta T have lakeie 
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and the conclusions I liave drawn from the cal dilutions 1 liave 
made, the advantages in evei*y point of view must be consider- 
able ; nor are these advantages (;onfined to the navigation only ; 
the adjoining landowners may reclaim a large portion of the 
land above Runcorn, wliich is now covered at high tides ; a 
good road, with draw or swivel bridges over the locks, may be 
formed on the top of the embankment, and thus join the two 
counties of Lancaster and Chester in a very much superior and 
more convenient manner than is now afforded by the dangerous 
and ineoiiveiiient ferry. Even a railway viaduct, if carried at 
a sufficient height, would then be no objection ; and many miles 
of railway travelling might be saved to the London and Liver- 
pool traffic, by crossing here, and joining the Grand Junction 
at Prestonbrook. 

"‘It only remains to explain shortly the kind of works which 
would be reiptired, which A' ill he facilitatedbyrefereijce to plates 
i V and v . ^ 

“ 'i'lie width of the strait at Iluncom Gap is about l,i2^>0 
f*eet. I’lie bed of the river consists of about S»5 feet of rock on 
the Cheshire sitle, dry at low water; alif>ut 745 feet of sand and 
silt in the middle of the river, c‘xtcnding, I believe, to a consi- 
derable depth, partially dry at low water; and about 470 feet of 
^ol id rock, all above low w'ater, on the Lancashire side. 4'he 
rock extends inland on each side, rising considerably, particu- 
larly on the Cheshire side, above high water level. 

‘‘ I would propose to construct two sea locks in the rock on 
Clieshire side ; one 1 80 feet by 40 feet, and the otlier 120 feet 
by 30 feet, %'ith hydraulic gates, so that they may be self-acting, 
and used for the })urpose of scouring. In the rock on the Lan- 
cashire side, I would recommend the construction of the self- 
acting flood-gates, and between the limits of high and low 
water there is ample space for ten, with 20 feet clear openings 
in each ; the gates to be revolving on an upright axle, placed a 
little on one side of the centre, so that one leaf of the gate 
should be rather larger than the other. The gate, of course, 
must open only ona way, the larger half turning np the river : 
when therefore, the flood tide rises higher than the surface of 
the water on the up]>er side of the gates, the pressure being 
greater upon the larger leaf than the smaller, the gate opens, 
and the watft’ is freely admitted. When the tide has reached 
its greatest height, and begins to fall, the pressure is then re- 
versed, and the gate closes, retaining all the •water that has 
flowed }>ast the embankment. To open the gate, and discharge 
the water, cn masse , various methods might be adopted. The 
simplest, perhaps, would be to draw up out of the larger leaf a 
paddle of suflicient size to make the smaller leaf expose a » 
greater surface to the pressure of the water, when, of course, 
the gates would open by the down-stream pressure, as they 
would in the other case by the up-stream pressure. The }iad- 
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(lies may be worked b}’ self-acting balance weights, or by i£ 
water wheel set in motion by t!)C fall of the tide, so as to make* 
the whole self-acting*. The waiter, after its discliarge, may be 
directed by proper jetties into the channel reejuired. 

“ Over the intermediate space of sand and silt, betwixt rock 
and rock, I would prtjpose an embankment composed of rock 
and earth, in the manner shown in the drawing ; the centre ol‘ 
the bank of puddled earth or clay ; and the other parts of rock 
faced with heavy scpiared pitching, brought up from low water 
in a carved manner, as shown in the drawing. In onler to se- 
cure as far as possible, or necessary, the water tightness of tire 
bank, I would recommend a row of sheet piling, perhaps ‘20 or 
SO fact deep on eaeh side of the puddle wall in the centre of 
the bank, and at the foot of each slope another row ol' shorter 
piles, to prevent the pressure of the bank ftuciiig out or Irlow - 
ing up the sand foundation. 

A carriage road to be formed over the whole, passing ove r 
the locks by draw or swivel bridges, and ov^cr the sluices by 
stone or 'woodcr arches. 

This plan, with l5 feet of *water imj:jpanded, would afloid 
a sectional area of discharge of 5,970 square ieet. 'I' lie cah n- 
lutions in my report are made upon an area 2,4(>() ^;tjuarc b et 
only, so that, if by that amount the scouring power \mis Ireblt d, 
it w'ould, by using all the means which the locks ami sluices of 
the plan just detailed afford, be increased more than seven fold. 

At a ten-feet tide at Runcorn, tlic sectional area of the 
stream is now about 9,S00 square feet. The locks and sluices 
would afford at the same height about 4,120 squifre feet. Al- 
though this is less than half the present sectional area, a differ- 
ence in level of considerably under a foot wrould so increase the 
velocity through the sluices as to pass the same quantity of 
water.” 

He might perhaps mention, that tlie first efiect of tJiis scour- 
ing might be injurious to the bar at Idverpool. The embank- 
ment would be so at this point — [See the section of the river 
at Runcorn Gap, plate iv]. The tide would be allowed to fall 
eight feet before it was discharged, and no doubt the sand would 
be carried out to the deep part. Such an immense body of water 
was impounded above the estuary at Liverpool, that, in order to 
accomplish a passage for itself, it had excavated the ground to a 
great depth ; ^nd, notwithstanding the enormous quantity of sand 
brought down, the velocity of the current was siiflicient to 
carry every particle past Liverpool, leaving a bare hartl rock 
ctliannel 89 feet deep. The sand was all carried out, and w^as 
not deposited again until eight miles below tht Rock I^ight- 
house. Therefore ivhatever %vas excavated from the estuary 
above Liverpool, would be carried down to tfic deep part at 
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I .fVfrpool. Tlio velocity at Liverpool was about seven miles ; 
<lo\vii at the bar, about two miles ; and it seemed that, when 
the velocity was so small, the sand deposited itself at this bar, 
and it might rtMpiire constant tiredgmg and other precaution- 
ary inrasLircs on the part of the parties interested in the port at 
l^iverpool, to keep it in its present state ; but, eventually, the 
scouring from the upper part of the estuary wmuld increase its 
capacity, and every tide that flowed would bring in a larger 
cpiantity of water ; the same quantity having to flow out, the 
scouring power wtmld be increased, and the bar removed fur- 
ther into the. sea. I'he greater the momentum, the further was 
the sand carried out, and they must take the harbour of Liver- 
pool as they found it. If it was a new thing to make a chan- 
nel to the sea, then ho had no doubt Mr. Palmer's plan would 
Work as well as any otlier. But they found sandbanks carried 
out eight miles, an<l they must not decrease the velocity up to 
that point, as, if they ^hd, the sand w’ould gradually silt up 
towards I Liverpool, ami the whole of the harbour would even- 
tually become choked. 

Idle chairman then intro<lucod Air. Uitson, IVho, he said, wa.s 
a gentleman of considerable nautical experience. 

Mr. I{it.-=;on said, he did not expect to be called upon, because 
liis knowledge of nautical affairs did not apply exactly on the 
present occasion, 'fhe case before them was one connected 
with the n/ivigation of the Alcrsey from the entrance of the river 
to Mnnclie.stcr. lie considered this question to be of great im- 
portance, involving matters of a serious nature, both as regarded 
Liverpool a port and as the handmaid to Manchester, aiul 
.also of great hnporbmce to Manchester as a town. As far as 
his observation had gone, with reference to the tides, he would 
give it to tliem ; and probably from it they might judge whether 
the navigation to Liverpool would be affected by the contem- 
plated project now before them. It had been stated in that 
room, and properly so too, that the tidal wave flowed from the 
western ocean in the first instance. It first struck on the French 
coast, 8cilly Island^ Land's End, Cape Clear, and Toree Island, 
all at one and the sanie^time, making high water at these points 
somew'Jicre about lialf-past four o’clock. It proceeded then re- 
gul/irly. with some interruptions as it regarded Chepstow, up to 
Milfonl. Between ATilford and Tuscar there was an irregularity 
in consequence of the contraction of the channel. The chan- 
nel between Milford and Tuscar was 30 miles ^cross, and the 
depth 40 fathoms. This was one portion of tlie south entrance 
to the Irish Sea. Between Mull and Kentare, on the Irish 
coast, the average depth was five fathoms, and the water, coming 
in hetw^een these points, occupied a space of lo,000 miles 
and three lathoms deep ; and it was a curious fact, that, as the 
tide flowed up from the Western Ocean, in the manner he had 
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ik'scribefl, that the wntcr on the Welsh shore, and on the Eng- 
lish shore, rose to the height of four fathoms ; while, on the 
Irish coast, the vertical rise was only two fathoms. Conse- 
quently, they had all the advaittage, on the English side, a 
^eater vertical rise j as, when it was high water on this side, 
in some places, it was high water at the same time on the other 
side. It also threw in an inexhaustible supply of water. The 
quantity of water thus thrown in, aided by the pressurt? ol‘ the 
wind, which had a serious and important effect, for practice, 
one ounce of which was better than a pound of theory, had 
shown that the water thrown up into the Irish Sea by the south- 
west winds, t,and winds prevailed from the westward near nine 
months out of twelve in this henfisphere, and they •would fre- 
quently observe that, during the south-west gales, the w ind sud- 
denly shifted round to the north-west) caught, by the wind from 
the north-west, a great body of water at right angles, wdiich 
had no means of escape but by coming into the estuary ol' the 
JVTersey. The Mersey Was /learly at th*' angle of the ctiast. 
The Lancashire coast, down at Lancaster, formed a line in tliat 
direction, so that the entrance to the Mersey was at the corner 
of the square, as it w:M*e. The quantity of the w'ater tints 
thrown u]) into the Mersey %Yould aid the very able project as 
stated by Mr. Bateman, as they would, by tliat means, gel a 
large quantity of "iwater u]) the estuary. He did not think, in 
reference to Mr. Valnier’s plan, that it W'ould be fair, in that 
gentleman\s absence, to make any observations upon it ; but, in 
an abstract view of the question, that gentleman would be per- 
fectly right, for they w^ould want water. \A'aler •w'ould be 
wanted, and more water still, 'f hey might <1raw it /rom the sea 
hy means of machinery, which would raise them water to any 
extent. Furthermore, there were tlie resourcevS from the back 
country, BoltoTi, Bury, and that neighbourhood, from w’hieh, at 
a small cost, they might impound a large quantity during floods. 
Liverpool, and he said it •with honesty, was the handmaid to 
Manchester ; and he should be extremely sorry to see anything 
c.arried out that was detrimental to her interests. But every 
one must do the best for lhem.selvcs. The millions of money 
which had been laid out in Liverpool in*docks and other accom- 
modations, and the very spirited manner in which her business 
was conducted, aided by Manchester, would make the t\vo 
towns stand, as. indeed they did now, the first not pnly in this 
euipire, but in the world. Her merchants, aided hy Manches- 
ter, had been tjje 33ioneers of our commerce ; and he should be 
extremely sorry to see any thing done that might deteriorate 
her. The plan proposed, as far as the river was concerned 
above Ituncorn, was by confining it in parallel lines. They 
would then get a sufficient quantity of water, and w ould clear 
away all the silt ; for he perceived, in looking at the j^lan, that 
the influx and reflux of the tide caused eddies. These eddies. 
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at low water, became quiescent, and made deposits ; but> by 
narrowing the (»stuary, they increased the scouring power. But 
he would call their attention to another point, which Mr. Bad- 
ford had alluded to, — the case* of the dredging machine. He 
would travel, in this instance, as far as the Thames on the one 
hand, and the Clyde on the other. The Clyde was now ren- 
dered navigable by the dredging machine ; and the Thames 
was navigable above and below bridge, to a great extent^ by it. 
He did not need, in that room, to make an objection as to the 
Mt;rsey being stopped up ; for, so long as rain dropj^cd from 
the cloufifi, the? hills remained where they are, and the tide 
flowed in the sea, they could never stop up that river. The 
river Mersey had been a river ever since the Romans came into 
this coiintiy, that was, for 2000 years ; and he had seen a plan 
of the river as it was at that time; but he* would give 400 or 500 
years, and say the river had been open for navigation 1500 
3 ears ; tliat 'was saying a great deal, hut he believed it to 
be the fac‘t ; and vvi^ it to be supposed, tliat wliat they could do 
now would affeci it, when they looked at the Victoria Channel ? 
He could remember the time when they cou|d not enter by that 
chantud. By the dredging machine Uicy could keep the navi- 
gation open, ami there was no necessity to use any others 
means. ♦ 

Dr. Black said, there had been considerable difl’erence of 
o])inion as to tiie nature of the deposits. He liked practical 
matters ; and he wrote to a correspondent last Saturday to send 
him up a sample of the deposits both from Runcorn and the 
mouth of the estuary at Liverpool, which he now laid before 
the mectiyg. One was taken at low water from the deposits 
by the Rock* Lighthouse, and the other from a mile below Run- 
corn, at low- water mark also. There was not much difference 
in their appearance. He had analysed that taken from the 
river at Liverpool, One half of it was siliceous sand, extremely 
fine, and the other half consisted of aluminous, carbonaceous, 
and calcareous matter. The other sample he had not had time 
to analyse. It seemed, however, to be nearly the s«aine, but to 
contain more of the aluminous substance. If the sands came 
from the sea, th^y might expect to find in them, pure, some 
remains of marine productions. 41ut, if they came dawn the 
river, they should find siliceous matter, and that which formed 
the basis ^f all clay bodies and calcareous matter ; they might 
come from towards Cheshire and down the Mersey, and this 
matter would be from what was used for agricultural and other 
purposes. He had dried part of the specimen, which might be 
examined with a microscope. He would leave gentlemen who 
had a little knowledge of geology, and of the currents of tfic 
river, to judge from whence th^e deposits came. It was easy 
to account for them coming froin the interior. A very sinali 
velocity in a river would carry matter a very lung "way. He 



i390 On Ihc Me7*seij and Xavlgation, 

should merely make another observation, with respect to what 
iMr. Bateman had so very judiciously and mathematically stated, 
as to impounding the water at Runcorn, that it would seem that 
nature had anticipated him. It j(j[>peared to him, from the ar- 
rangement of the rocks at Runcorn, that the water had once 
been impounded there. On the Cheshire side they were the 
same as on the Lancashire side ; and it appeared, that in pro- 
cess of time, the attrition of the water had Avorn away those 
rocks, and there appeared to have been an elevation tliere by 
some revolution of nature. There appeared to him every rea- 
son to suppose so from geological appearances; and that Mr 
Bateman had been anticip^ited by nature some 4,000 or .0,000 
years ago, 

Mr. Tlmmas Hopkins siiid, he had partly read and partly 
beard the discussion which had taken place on th/it subject in 
that room, and had felt a strong degre^ of interest in it ; hut he 
sliouid not have said any thing, if he had no^ fouiul, that, <luring 
the whole discu.ssion, one |K)int had been, not overlooked, hoi 
rather assumed. Me alluded to the possiliility of excavating 
the Mersey, as far as tlnj; tide proceeded at present, <;r some- 
where thereabouts. It had been alluded to Is though it wouUl 
be impossible to do it. Ho presumed that the ijupossihility 
w'oiild be the great expense ; but if it were possible*, looking at 
what had been done at other places, it would appear that that 
was tlie best course. They had been told, that dredging 
machines were capable of excavating to an enormous extent, 
at a comparatively moderate cost. Now, supposing it lo 
possible, if they were to excavate* a now channel froin^ the estu- 
ary a little aboA-^e Runcorn up lt> U'arrington, at a moder.iU^ 
expense, it would be bcneiiciiil in accordance with wliat hafl 
been done at the Clyde. Jt was stated, that the tide rose seven 
feet at Bank Quay, and fifteen feet at Runcorn. If iht* river 
w-ere excavated there to a moderate depth, it this Avere practi- 
cable, it Avould remove the objection arising from the ajiprehen- 
siou that the river beyond Rock JVreh would be blocked up. 
It was generally admitted, that the quantity of wuUer Avliich fell 
inU) the Mersey and out again, constituted the ‘.scouring power. 
Now, if they excavated th(v bed, they would have an ad- 
tlitional <juahtity coming in and afterwards carried out, and 
(*onse.quent1y the scouring poAver Avould be increased.^ In Mi‘. 
Batemarfs plan, though proAUSion was made that the Avatcr 
would flow out in sufficient abundance to scour the river below, 
yet iie could not fierceive that lie had miule provision for th(» 
Row in of the water through his locks. He apprehended there 
would l>e sufficient pressure above to drive the Avater out ; but 
when the tide w as coining in, he would not have an equal pres- 
sure ; and therelore he apprehended, that the flow' upwards 
.would be impeded. Me rose princij^ally for the purpose of <ng- 
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Lfestin« the practicability of excavating tlie river a long way up, 
say as far as Warrington ; and some persons present, he knew, 
liacl been surprised that that point had not been more dwelt 
upon. • 

Mr. He€?lis said, he would have been sorry to have obtruded 
himself, if he had not felt capable of throwing some light upon 
the subject ; not from his own knowledge, but from that of 
othtu’ parties. He would address liiinself for a few moments to 
udiat Mr, Hopkins had said. He believed that between Run- 
<‘orii and Warrington it w^ould be found that the meanderingof 
the river was such as to render it undesirable to take the course 
he recommended. He then referred to opinions which had been 
given l)y Mr- Telford and Mr. Ninimo, the substance of which 
was, that the effect ol‘ back water varied in each particular case, 
and that tlH»re were few more difficult sAbjects for engineers tt> 
give an opinion upon. The Liverpool gentry were not always in 
the same way, and it was exceedingly difficult to catch w'hat they 
would be at when^^heir interest was concerned. He held in his 
hand a bill dated 1837, for better improving the port of Liver- 
pool. It was proposed by that bill to invest the conservancy of 
the river in various commissioners, tiie chiei* portion of whom 
were from Liverpool ; and these commissioners intended to take 
pow'er to do a variety of tilings. First of all there were to be 
mark stones, which w ere to designate high-water mark at 29 feet 
3 inches ; and then it went on to say, that parties might build 
up to this 29 feet S inches. The 24th clause was to give them 
pow er to alter divers embaiikmcmts, and do a variety of otlicr 
things, for the purpose of scouring and improving the river. 
It seenu^l, therefore, to him, that they w'^ere then not exactly 
satisfied in their owni minds, as to whether the river should re- 
main in the same state- He perceived, by the papers, that there 
had been some difference of opinion as to the time occupied in 
the flowing and ebbing tide. He believed it would be found 
that it varied niucli at various places. At Runcorn, the flood 
w\as hours, and the ebb 10 hours. There was one circum- 
stance he mignt mention. At the trial with the Old Quay 
Company, one of the most intelligent witnesses was a man of 
the name of Pdhcock, wdio, he regretted to hear, had met his 
death by being carried away by^he velocity of the flood tide. 
He was knocked ovei’board ; and, though the water was not 
'more tl^^ii up to his middle, he was absolutely carried away. 
Now, he thought (.’aptain Denham ivould have great difhculty in 
making them think, that the velocity of the ebb tide was such 
as to cause loss of life. Then, it had beer? stated, and pretty 
broadly, that the Grand Junction Railway was an obstacle which 
could not be got clear of. But he would suggest tliat it was 
possible to give the Grand Junction Railway Company what they 
had been i<>r years w'anting, and at the same time allowing them 
to make the navigation. They had tried several times to get 
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across the river at Marsh Gate, Cuevtlley Marsh. Now Mr. 
Palmer, he found, inte nded to make his basin there ; and it 
Vould be an easy matter to allow them to g-o over the river at 
that point, not perhaps at an elevation which would enab\* a 
sea-going vessel to pass under the bridge, but they might go 
over it by a drawbridge. He thought also it would be w^ell, 
before this discussion was brought to a close, that there should 
be a right apprehension as to w'hat Mr. l^altner had recom- 
mended, ill reference to getting over the difficulty at Barton. 
He was afraid there was a notion abroad that he considered it 
essential that they should go on a level w'ith the Bridgewater 
Canal. Now he did not know, that he said any such thing. By 
the improvements which had been made in the construction ol* 
steamers, as sea-going vessels, they might reasonably hope that 
the aquedtict at Barton would not present any such grtvit ob- 
.sUicle but such as a little good engine<^ving might obviate. 

Mr. J. C. Dyer said, he had not read Mr. Palmer’s report 
carefully through ; but it appeared to him, iill things considered, 
the best ]>lan that could be devised for improving the navigation 
for sea-going ves.sels to Manche.ster, ami tliat it could he devised 
without damaging the port of l^iverpool, )||>jid the conseejuent 
interests of the people of Liverpool. far as an honest and 
fair ground of appreliension existed on the part of the Liver- 
pool people, the people of Manchester, as fair-minded men, net 
wishing to benefit themselves at the injury of their neighbours, 
ought to take the subject into consideretion, and not embark in 
any thing unless they were convinced that what they were going 
to do would not endanger the port of Livcjrpoo), as by damaging 
it they damaged themselves. It was his humble opiili >n, that, 
by narrowing the estuary, lliey should not damage the jiort of 
Liverpool, but rather benefit it. He would c/di to their mind 
the .simple fact that the quantity of matter which the water coulii 
liold in suspension \Vas according to its velocity. When the 
water fell in, in large estuaries like this, there was a c;ompara- 
tive stillness, and a diminished velocity ; and consequently these 
particles W'ere beginning to be deposited the moment the estu- 
ary widened, and the velocity, consequently, •was diminished. 
This, like all other estuaries, was rapidly filling up ; and it was 
in vain to tell him, that sountlings had beem taken, and that 
there was no perceptible change. Another circumstance should 
be borne in mind. If, by Mr, Palmer’s plan, three-foui ths of 
the w ater now^ broughtintti it also excluded three-fourths of the 
matter held in suf^pension, while they had the same scouring 
power from the uplands, then they should reclaim an immense 
tract ot land, and make the navigation suitable for the wants of 
Manchester, without any way injuring the port of I^iverpool. 
It had been stated, that Mr. Palmer's plan w^as opposed by all 
the engineers : but he had occasion lately to speak to some emi- 
nent engineers, who spoke very highly of it. 
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Mr. Heeli.s saiti, Ik- bt' allowt^l to sl'»u ., In ron-Mljora- 

tioii orwhat Mr. DytT )r\{l saM, as to tlic u|ii ot'tit ‘ e^^tiKiry, 

that Mr. Whitty, in i'ivini^his evidence on the trial, d(‘p<»sed to 
tlie fact that, at F^'rotlsham, wJ«'re t!ie tide had foriuerly covered, 
there were t)ov/ (al;!>ay;cs standing. 

Mr. Cloodman saidj it tiatl already bi3cii stated, that the iu- 
eotning tid(> was ol‘ considerably greater power than the out- 
going tide, togethfu* with tiie inland stream, tendetl to keep llie 
river at a given depth ; and it had alsr* ]>een stag'd, tliat the 
bnhmce <»!’ tlu? two powers was sp equal, that, for a long tiine, 
the river ha l been kept at one depth ; and tliat, if there were 
n{> stream at all (Voni the uplands, the river would speedily silt 
up : and lie L'clicna'd it was the opinion ot* every one preset 
that, if tfiore were nunady a water streatr^ it %vou]d not silt up. 
lie w'ould suggest, that, if t.hcre were a given force of tide 
conung in, and a given f^iree going out, if they diiuinished t!ie 
quantity corning in, they would give the preponderance to dial: 
going out. It waiP obvious, that, by diminishing the estuary, 
they (limini^hed the current inwards ; ami, the pia'poiulerance 
Iicing thus given to the current oiitwart.!, tie# scouring eflect at 
dm ba.r of t.he port would be incrense^l. 

Mr. Bat(‘in.au ft lid, Mr. Mop kins had askeil a (pu.'Stion with 
respeet to dredging. Of couise it was 'pcrtcetly easy to dredge, 
and 111 ’ had no iloubt a channel might be made to Uuncovn by 
ih-rtlging. But dredging was an expensive process, and a great 
deal inigfu be ilone by a proper combination of the natural re- 
sou rce.s of the l iver totvards making it excavate its own bed. 
Kngine.’rj^ had varied much in opinion as to thc^ best means of 
keeping open n.ivigable rivers. Generally, however, but not 
Mniwraahy, they had come to this conclusion, and cjirried on 
tlieir o])cuations mi this footing, to embank the freshes and the 
river waters, and, by narrowing their channels, to malci: tljcin 
excavate their beds, but to keep as large as possible the capacity 
for tidal waters in t!ic bay. He must also explain as to the 
mcam he had provided for damming the water. Ho made In's 
ealculations on a 1;3 feet tide ; but it must be recollecteil, that, 
.tft(‘r the w.'jter Ifad attained an elevation often feet, not another 
ilrop of Witter coult! come in, bemuse the tide Inul tunn d at 
iaverpool, whidi Mr. Buck had so well explained. He W’ould 
theret'ore, take it at ten feet. He was quite aware, that the 
same levtM would not be attained wltli a diminished water- 
way above the cinb.uikment that it would now. The .vectional 
area of tlie river now, when the water was left feet higii, would 
be 9, SOU square feet ; tiie locks and discharge shiiecs Avould be 
4, If20 .s(juare feel, not onc-half; but the velocity woultl be so 
increased tlirough the contracted opening-s, tliat nearly ihe same 
amount of water would pass througli.* IMr. B.dnicr a laded to 
the depositions being brought in from the sea, and .'^.ad, he was 
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convinced that a quantity of the matter in the est\iary liatl l)e<*n 
brought in from the sea, and not from the uplands. Now, he 
had no doubt, that Mr. Palmer had considered that point atten- 
tively ; but he thought he had overlooked what became of the 
matter from the uplands. They knew well that every river 
abraded its banks. The whole of Holland was an accumulation 
of mudbaiiks. The Ganges sent its debris 300 miles out to sea. 
Egypt was the gift of the Nile, nearly the whole of that country 
being deposited from the Nile ; and, in the Adriatic, there was 
a vast accumnlation of land. He then read several extracts from 
LyelVs Principles of Geology, in reference to this subject. 

Mr. J. C. Dyer would mention a case of the formation of a 
delta by the river Somme, in France, which was, in many re- 
spects, analogous to pur estuary. The outlet now was very 
much like that proposed by Mr. Palmer for the Mersey. A 
very large ship canal had been formed (such a one as wc were 
to have from Warrington). At St. Baliere, where the open 
sands commenced, there was a bar. There’ the scouring power 
by the fresh water was very feeble indeed ; and tlie consequence 
was, that the navigable channel was ever shifting, and some- 
times the mouth of the r?irer was so blockied up that there w'as 
no getting in or out, without waiting for some favourable vari- 
ation in the wind and tide. The government had adopted, in 
conjunction with this canal, the plan of building a long pier on 
one side, where the shore was rather precipitious, and forming 
sand banks by driving piles and letting the sand bank form 
itself, keeping a channel perhaps 100 yards wide. This 
was being carried on every year ; and, as the work advanced, 
the outlets to the sea were more and more open, and* the navi- 
gation much more improved, and less and less liable to its former 
obstructions. He did not doubt, that the quantity of sand 
brought down by our small land-streams was inconsiderable, 
compared to the amount of debris every day brought in by the 
tide. 

Mr. Gough, in corroboraiion of the opinion expressed as to liie 
silting up of the estuary, said, his mother, who bad been bom and 
lived at Frodsham, had pointed out to him four fields which the tide 
formerly covered. 

Mr. Fairbairn said, as they were all agreed as to the practica- 
bility of making the river navigable from Liverjiool to Manche.sior, 
the only question which remained was, whether they sKouJd do it 
or not. He was quite satisfied with regard to the advantages that 
would result to Manchester from bringing vessels of from 400 to 500 
tons burthen up to Hnlmc ; but he bad great donbts whether that 
would ever be accomplished in our time. However, they should 
investigate the question, and give it the best consideration in their 
power; He would give them a description of two iron steamers 
which had lately been built. They were each 145 feet loiig, two 
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feet six inches beam, and drew six feet. They each carried 121 
passengers, and 1(K) tons of merchandise, and had both sailed for 
SydTiev. Now, lie apjmihended that vessels of this description 
might come under Barton Bridj^, and carry on a lucrative trade 
with all parts of Ireland and the British Islands; and provided 
tliey used the screw propeller, it would lessen nnich the necessity 
of widening the lock, 

Mr. Heel is asked what ejfTect the steam vessels would have upon 
the banks. 

Mr. Fuirbaim siiid, he could answer that question with regard to 
the Clyde. He believed, if (he trustees at Glasgow had to com- 
Hicnce again, they would make it much wider than it is now. He 
had no fear at all with regard to blocking up the month of the river, 
as they could at any time keep it open by dredging, which was not 
expensive, and the very agitation of steam vessels would have a 
tcndejicy to keep it open. ^The only difficulty would he the wash- 
ing of the banks, which must he sheeted with stone. 

Mr. Ho])kins said, tie did not know whether the interest in the 
question was exhausted, but it seemed to him important to settle 
one point, — whether the influx or reflux of the tide did the greatest 
good or harm ; and ho would suggest thaf an evening should be set 
apart for the discussion of that question only. 

Mr. Biutk said, he had not intended to speak on the subject this 
evening, because he had given his opinion already as to the neces- 
sity of a great power of hack water for keeping open the port of 
Liverpool ; but he had been much gratified with what he had heard 
that evening, because most of what had been stated accorded with 
his views. It had been stated, that in the neighbourhood of the 
upper part ftf the estuary, whore it is now dry land, there was for- 
merly water. H e had no doubt of it, and it perfectly accorded, 
with what he said the other evening- It was evident that this estu- 
ary received all that it could receive of tidal water ; but he meant 
tt) say that the estuary is never full ; for when it was full at Run- 
corn it had fallen at Idverpool, and at the same time it was proba- 
bly half ebb at the Victoria Channel, and it was the gi*eat bc^y 
which flowed out of the estuary at that period of the tide which 
kept open the port pf Liverpool. The back water which flowed 
out during the latter half the tide, never reached the bar at all that 
tide. The ojieration of the .scour wftit on by steps ; and the plan 
prQjiosed by Mr. Bateman, of constructing a dam at Runcorn Gap, 
would produce the same effect upon the upper part of the estuary, 
which the latter does upon the bar. If Mr Bateman's plan were 
carried out, the sand in the upper part ot the gstuary would be 
driven within the power of the efflux and would be carried out to 
sea by the next tide, and there would be no danger that the port of 
I Liverpool would be injured by such an operation. 

Mr. .1. C. Dyer then moved, that the discussion bo adjourned, 
saying, it, would be hardly creditable if, after all, they did not rome 
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s]n)\v of liapols?— (i — '!'}(!• (.’hi ivuinn it \Aas m-t jit- 

teijcled that niiv puch .lot-i-von i^houl^l hr. I'njoo to. Ho fanoiod tiioy 
wore there for t lio piirjiose of e<»mTrsing togolhcr. "i luT i^hould 
express tlu’ir opinions, nrd then leave iho suhjec t. 'I'lie nu'tioii 
that the question be atljonvned to that day week was lluoi pot, and 
nnaninionsly passed. 

At tlie condnsion of the meeting, IVIr. T. O. Iiingaid v'ad ati 
article from the TJvayoof Mail, on this snhject. charncteri/dng any 
meddling Avith the river to be an act of fehaiy. The reading id liie. 
uvlicb. caused manv a hearty langli. 


ADJOUIlXF.n COMVEBSAy.IONKt FF.n. 20 , 1811 . 

Mr. GEom;E Fsi:!- in the Chair, 

The Chainnantfin opening the proceedings, said, the disens- 
enssion was adjourned dl the suggestioiil oi' Mr. no]>kin.s, Ibr 
the purpose of obtaining the opinions of scientific men, as to 
\slu’ther the influx or reflux of the tide was the gnialer. He 
then callc«l on Mr. Hopkins. 

Mr. ITiomas Hopkins said, he was certainly surprisetl at 
being <‘ajled upon, as he suggested the adjournment with a 
desire rather to hear others, than to speak hiinscif’. llefore lu 
a<ldrcssed himself parlicidarly to the subject, he would state, in 
iriswer to liie assertion at the end of the extract reiof last eve- 
ning, by Mr. Lingard, to the effect that they were attempting 
to make use of property wluch (lid not belong to them, that lie 
bedieved the fact was, that at the lower part of tht' Mersey, tlu 
tideway belonged to the crown, and \va.s under the care of the 
Admiralty. He recadketed being in London a your or tw o back, 
wJxui the liiverpool f>eopIe were wanting to get u more com- 
j lete control over the river. They aaw Mr. Poulett Thomson, 
V iio told them it would be useless for them t* lake any iurtliei 
Steps in the matter, as the Atjmiralty (objected to vviiat the I.iver- 
jtooi peopu; pioposed. He therefore presumed, that it would 
b<' w ith tile Admir.dty to support or reject tlie proposed improve - 
ment. In what he sh-.mld have to say, he shouhlf avoid all 
allusitm to tin* improvenumt from Mancfiester to Warrington, 
a*;, he conceived tfisat length to be in the department o/^practical 
ei gir.eers ; but, when it came to the tidcw’ay, it appeaix d to him 
that the question was a more open one ; aval he uoald, there- 
fore, .say a few words upon it. 'J'lic main point seemed to l)e, 
e h.i ther contracting the .spare for the tidal water above I/iver- 
psrd wrmhl injiu-f ?!ie port not. J f' there w ere any doubt 
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upon that he llsonpht parllninent would not .aliow the 

alteration to be made- No ri'^.k would he run, and it tiurefore 
becanie ne(:e;4sary to p'a>ve Unt the eouteinp’ated ini]trov<!iueut 
would not injure the port oC lyiverj>ooi, an<l particulrirly the 
outer entrance Now, it vras proposed by the difTeront gentle- 
men, enginetrs, aiul others, b> make the first lock, whicii migiit 
be called tlic tidal lock, at Cuerdley Mar.-sh, as Mr. Palmer said ; 
and ixhnut Ibnicorut, as Mr. Hattunan said ; while Mr. Buck 
tadketl ol* making a Avail at each side, so as to take thc‘ AVater as 
it came i?». And the situation of the tiflal U»ck would affect the 
<picslion, as t .* wjiether the tidal Avater had a !>encficial scom ing 
jiower or not. If tine tidal lock AA'cre made at Ctierdlcy M.nsh, 
lie prcsunu'il it would prevent the tide {lowing further nj*>, and 
Avould therefore tlnv»w an impediment to the influx of tidal 
water, to a certai/i eKt<‘nt. Mr. Ihilmcr, hn addition, proposed 
to contract the channel, making ruhhle hanks ; and bespoke 
of g, lining from the river, land which was now ovc) flowed. 
I nerc would, thereli^re, according to this plan, he less space for 
the tidal w'ater to flow in, even hel<i|W^ Cuerdlc'y Marsh. Mr. 
Bateman's })lan av'ss to have a h>ck somcwliere about Runcorn, 
and admit, the tidal AA’ater, .so as to up the pool above his 
lock ; and, as that wmdd clearly prevent tlic influx of frportion 
of the tidal water, it was open to the same objection as Mr. 
B.ilmer s plan ; but Mr. Bateman proposed to counteract that, 
by k.l* ing out a portion of the waiter at a certain state of the 
iidt‘ ; .and no doubt, the letting it out in that luatinner A^'ould 
have that effect. But the first effect would be to check the in- 
flux oi‘ the w ater. He understood Mr. Bateman to concur widi 
Mr. Buckjn the plan of erecting aauIIs, to a cerbiin height, that 
Nlnmld l.akc advantage of the higlie.st point oftl»e inflowing tide. 
Mr. thick had stated, tfiat the* difference between tlie highe.st 
point of till? tide at Liverpool and at Runcorn w’as three quarters 
of an hour, w hich it took to floAv from Liverpool to Runcorn, 
and he jiroposcd to force this to rise higher by contracting the 
space. And there was no doubt, that, by contracting the space, 
ilic momentum of the Abater w’ould cause it to rise higher ; but 
lie thought it would check the fl >w of the Avater past 1 d verpool, 
hecausc the Avalls^he would construct aa^ouRI be an iinpedirneuL 
to the water in all its stages- Thi^'efore, all these plans seemed 
to him to have a bearing upon the question as to Avhether the 
iifflax of the tidal water had a scouring efiect or not. Was this 
channel kept open by the mass of water that flow ed in from the 
c.stuary, Ava.s tiic question. It was possible by scientific investi- 
gation to g<i into all the facts and circumstanccJ : but one person 
naming one thing, and another suggesting anotlier, AVouid not 
do. it was a sui>jcct more for the closet, than for a popiikn- 
assembly. A more satislaciory motle there av.is ibr those Avh€> had 
rc.id as to the op' ratioTKs of nature in various parts, to point out 
those opcr.'Uiou.s were; and, if the cases were analogous so 
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far as the principles in operation were concerned, they miglit 
consider whether the principles wliich determined others would 
apply to this. 1'lie cases might not be strictly analogous ; but 
probably they might show what ^ould take place in the Mersey, 
by showing what took place in other parts of the world. It 
seemed to him, that they ought to inquire what took place in 
seas where there was no tide, but great freshes, and in seas 
where there were tides. Into the Mediterranean there were, say, 
five large rivers discharged. The Ebro was a river wliich dis- 
charged a large quantity of water. There they had a strong 
fresh, but the mouth of the river was notoriously very shallow. 
The Rhone was another river which flowed into the Mediter- 
ranean ; but the mouth of it was so shallow that none hut 
very small vessels could pass. There was no port at the 
mouth of the Rhontx Go across the Mediterranean to the 
Arno, a river which discharged as much water as the Rhone 
did, but the channel there ivas also* very shallow, and they 
had been obliged to have the port at Leghorn. The 7'iher was 
similarly circumstanced; was shallow at^lhe mouth, and the 
port was at a considerable distance from it. Then there w ns the 
Danube in the Black Sea ; but the Nile, perhaps, aftbrded llu* 
most striking instance of the little etfect of f>esh water in scouring 
out the channel. The Nile, it was well known, was subject to 
great freshes ; but there even they found, in the absence of tidal 
winter, that the mouth of the river was so shallow th.at no 
sea-going vessel of any considerable draft could get over it, In 
this case, also, the port was at a considerable distance, namely, 
at Alexandria. Now, in all these cases, they had a l»od}' of fresh 
water going down ; and, according to Mr. Palmer’s theory, 
they ought to have a deep channel ; but they had the reverse. 
Now, contrast that with the effects prothiceti in tidal rivers* If 
we came outside the Gulf of Gibraltar, namely, to Lisbon, the 
river Tagus did not discharge as much water as the other rivers 
he had named ; but there was a deep channel, and raeij^of war 
having heavy stores (X)uld come opposite Lisbon. Now, as all 
the fir.st five had fresh water, but the Tagus had but little frc'sh 
water, but it had a tide, he thought it but fair to attribute the 
depth of the channel to the flow of the tidal wvater. At Oporto 
they had the same circumstances, and the river there would 
admit sea-going vessels. ThS tide came up the river at Bour- 
deaux in France, KJO miles from the sea, and they had a decj) 
channel ; and if they looked at the Seine, they had ^ the same 
thing, Jn these deep cliannels they had deep channels excava- 
ted, very deep channels compared to those in the M editerranean ; 
and in all the other cases he knew of, there were similar results. 
These facts, he thought, justified him in coming to the conclu- 
sion, that the flowing in and out of tidal w^ater made deep 
channels. In England there was the Severn, at Bristol ; the* 
Thames, at London ; and the Humber, at Hull : to all of these 
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}>laces sea vessels could go; these fc’W' tidal rivers, in our own 
country, showing similar effects to those he had named, in 
having a deep channel. But he believed it would be louncl in 
all these rivers, that they flowed through land which was not 
much above the level of tlie sea ; and, consequently, the tidal 
waters flowed far inland ; and it was the reservoirs admitting 
tiu' tidal w^ater to flow in, w'hich, as he conceived, caused the 
excavation of the deep channels at the mouths of these rivers. 
Now, iu the Mersey,. they had not the same length of flat land 
ovvr whieli the river flowed, as there w'as in the rivers he had 
named ; but they had a large estuary. He apprehended there 
would not be a deep channel at the port, if this river was con- 
tracted ill its space, having so short a distance to move, as in 
that case, a sufliciency of water would not flow in; and it ap- 
peared to him, that it was only tlie breadth of the estuary that 
compensated for the want^f length. It appeared to him, then, 
that in the absence of tidal water, there was not sufficient power 
exerted by tile freslnSs to excavate the channels ; but in all the 
tidal rivers (those having a long course, as well as those having 
a great breadth), there were deep channels, wlaich were, there- 
fore, excavated by the tidal water. But it was not necessary 
that they should make their comparisons between places so 
distant from each other. It struck him that they had a com- 
parison before them which would answer their purpose very 
well. The Dee, he appri^hcnded, sent down as much water, or 
]3rol)iibly more than the Mersey and the Irwell. Whe- 
ther the ipiantity were larger or nearly as large, the rea- 
soning would apply. If fresh was capable of excavating deep 
channels, vwliy did it not excavate them there ? but at Parkgale 
it was very shallow. Therefore, reasoning from analogy, if 
they had nothing but fresh vrater, or but little tidal water, they 
w on id have the same result at the mouth of the Mersey as at 
the mouth of the Dee ; that was, they should have a very nar- 
row charffiel. He w'oukl only make one more remark. The 
water that came down the Irwell and the Mersey passed Datch- 
ford. Idle tide came up to Woolston (a little lower down). 
Now if the fresh water would exert that scouring power which 
M r. Palmer and the other gentlemen seemeckto think, how hap- 
pened it that it did not exert a sufficient scouring power to make 
a t^eep channel there ? They had there the same quantity of 
water that^they should have at the port of Liverpool, were 
it not for the tidal water : and why should they suppose it 
would make a deep channel there, when it, had such little 
effect so high up the river ? He could see no reason to sup- 
pose that it would ; and he therefore came to the conclusion, 
that it was the influx and reflux of the tidal water which caused 
the deep channel. It seemed to him to excavate the channel 
in this way — there being a large receptacle for tidal water in 
the wide part of the river, the water rose there as rapidly as it 
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CDuUl come in iVoin I.ivcrjMKil. — W hen the tide i’el], this water^ 
which was stored ii]), reijulre.l time to force ithelf' tfirough the 
narrow part of the c!’::tinicl, ^^hic^^ caused the level of the water 
at Liverpool to be materially different to what it was out at sea. 
Say at half tide tiiere was a very considerable difference be- 
tween the level of the water at the bar and wbat It w'as at 
Liver})ool. d’hen the whaler ^lov^ed down an inclined plain’, and 
they knew tliat where water did so, it had a disposition tti exea- 
vate; and that ajrpeared to him to constitutir the sc’oiirinj^ 
power. Now, whether there were a w ide receptacle for tlie water, 
as in tfie Mersey, or a long river, the efieet was tlu’ same, in 
fact, nature did here what Mr. ilateman proposal to do by the 
formation of his gates ; and if they were without this, it, ap- 
peared to him that jhe channel would be filled up n . in the 
-Dee and in the other rivers to which he had drawn their atten- 
tion. , 

^^r. Lingard said lie wished to call ^fr. Ilopkin.?, s attcirtion 
to two points, 'i'he mouth of the Dec hdU a uu:eh L./Vr ojan- 
ing than the Mersey. And as to the operation oi' t!jc freslic'^, 
It was jU'oved at Hhe trial which the company !iad a, 4, Lancaster, 
that thest‘ lanil freshes wWe the only meHlis oi' keeping llte pin t 
open.— Mr. Lb»pkins explained, that he did lu^tspe-il: oi'the sea- 
ward channel, l>tit of the inward channel. 

Mr. LIngaial said he believed tJu; vvliole of the di.scutsion had 
b(?en as to tlie effect at the mouth of‘ the river ; and he had not 
lieard it said by any one gentleman, that llu‘ eflects of (h'epm- 
ing the chuniiel aboV(^ Liverpool would have ^n!^ tiling but a. 
beneficial tendency. Now', having .shown t!i.,t she muutli of 
the Dee, whieh -was fiimiel shaped, was belter than tlie mouth 
of tlie Mersey, lie was at a lo-ss to undc’rstaiul why tfie ^an^e 
thing should not have the .name effect on the Mersey as on ilu’ 
Dec. 

Mr. Bateman said. Captain Denman jiroved that tlie Che.sti’r 
bar was not better than the Liverpool bar. 

Mr. J. C. Dyer said lie thought it veiy e.sseiitial in considcT- 
ing this matter, that the few remarks which „ii<* maile tlie other 
evening should be .showni to be sound or unsound wntli legard 
to the silting i.ip of enclode6 waters, lie contended, that our 
small river was in no way aiialogous'to those enormous risers 
in different ])arls of the world, which haci been meiationed thi.s 
evening. It vva.s the magnitude of those rivers which placed 
tiiem outside tfec discussion, I’hcy had formed deltas, wliieh, 
in some instances were equal to the Largest Englisli county. 
What they meant by the deltas of rivers wa,s where the debrix 
of continents was brought down and was met by tlie debris of 
the ocean ; it was then carried down, an{l deposited where 
there wa.s comparative siinne.ss. Now he meant to Contend, 
diat; if there was any delta at all in the Mcr. ey, it was above 
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Warrington. Tlie saiuls which were? brought down were met 
and deposited tliere. 15ut a far more important cousideration, 
lie believed, would depend on smother circiimstance. I'he 
waves of the ocean were agitated by the stormy winds, and 
ivere continually tearing down, ami carrying to vast distance^, 
the materials forming the rugged shores, and exposing promon- 
tories wliere the action was most violent. These charged the 
waves continually with as much solid matter as the water could 
hold in suspension, and the quantity was determined by the du- 
plicate* motion. Taking that into view, it w.as quite manifest, 
that, in an enclosed bay like this, the moment the water centered 
the channel, it became comparatively still ; and, as it went out 
and woderied, and the current became lefts rapid, all the heavier 
]‘articU‘s in the water would bo deposited*in this enclosed and 
slieltere<l condition ; and* by the return of the tide, when there 
was still water there would be a still larger amount of deposit. 
Hence, in a short time, — and .00 or 100 years was a very short 
<imc, geologically spi^Uing, — the whole of this estuary would 
be silted up, and there would be barely a passage left, which 
^vonld he eternally left open, suflicient to carFy on» the waters 
brought down by the freshes from tlfe uplands. If, by con- 
ti*<H!ting the river, as proposed by. Mr. Palmer, only one-fourth 
of tfie w'ater c<ime in, he would maintain that they would only 
have one-fourth of the mischief to overcome. He then rcterred 
to the river Hudson, in America, the bar of which, he said, was 
I. 00 miles out at sea; and then there was another at Sandy 
Hook, and one 20 miles above Nev^ York. Near AUiany, they 
were frequently obliged to have casks to lift them over ; but 
when the fiF!.>hes came strong, the bar went a little further 
flown. He then referretl to the improvements in the Sonune, 
in France, and in the Clyde, and oViserved, that he would once 
for all say, that he was neither able nor disposed to controvert: 
the opinions of engineei's upon any matter which w'as strictly 
engineering practice ; yet he held, that any man’s opinion, on 
geological theories or mathematical <lata, was just as good as an 
engineer’s. 

Dr. Marshall reaTl an extract from the statistical account of 
Scotland, published in the Glasgow Jiler aid, which stated, th.nt 
seventy 3 ''ears since, the depth of the Clyde at the mouth of 
the* Kelvin, ^was, according to a survey made by the celebrated 
James Watt, only three feet eight inchps at high w'ater, and one 
foot six inches at low water. Twenty years afterwards, no 
vessels of more than 40 tons burden could come\ip to Glasgow. 
Twenty-two years ago, the river was navigable to the Broo- 
mielaw for vessels of 170 or 180 tons, and drawing nine feet 
six inches of water. Within fourteen years afterwards, vessels 
drawing iliirteen feet six inches could reach the city ; and no w,^ 
vessels from all quarters of the globe, some of them upwards oi 
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tiOO tons burthen, and drawing sixteen or seventeen feet of 
water, are frequently to be seen, in triple rows, nearly the whole 
h ngth of the harbour. ^ 

Mr. Hopkins said, he intended to suggest, that, if it were 
practicable, it appeared to him desirable, that, instead of having 
a barrier erected at Runcorn, or Cuerdley Marsli Gate, the 
river should be excavated and deepened down to Warrington. 
Provided that were done, an additional space would be afforded 
for the tide to flow into, and they would thus have a greater 
scouring power. He apprehended, that something analagoiis to 
this had been done in the Clyde, which had been deepened ma- 
terially. He presumed it w-as a well known fact, that a much 
larger portion of tidal water flowed in now than did before the 
improvement took place. If that were tlie case w'ith regard to 
the Clyde, it was possible that it might be so also with regard 
to the Somme. But there was a Case so nearly analogous to 
the Mersey, that it deserved to be mentioned, although it was 
on a small scale. It was a place where there was a considerable 
artificial excavation. He alluded to the small port of Boulogne, 
w'here there was* a small inland stream which made a passage 
into the river ; but the French from tftne to time, and })arttcii* 
larly Buonaparte, made artificial excavations so as to permit 
tidal water to flow into basins above. What was the efi’ect of 
this ? There was very little went in, but the mouth of the 
river was kept perfectly clear. 

Mr. J. C. Dyer said he thought his position unanswered. 
With regard to Boulogne, ^hat Bounaparte did was to build a 
large lock. The harbour had been long neglected ; there had 
been no dredging ; and the consequence was, that the whole 
harbour was silted up, not with sand, but with a very fine mud , 
and this he had to dig out. He w'ould admit that the greater 
the depth of the river, the better ; but if it had a power of 
spreading over a large surface, he contended that the tide de- 
posited a great portion of what it brought in. 

Mr. W^illiam Read .said, as he understood Mr. Palmer, that 
gentleman had no intention whateverto diiniuigh the capacity oC the 
channel, though he proposed to make it contain less water than 
it now,^ contained, whilst s|fread over the wide estuary. 

Mr. Bateman said he had made some calculations upon that point, 
by which it appeared, that the quantity of water would l*e diminished 
to one-third or onc-fourlh. Mr. Buck had also made similar cal ■ 
eolations, by which he supposed it would be diminished one-fifth, 

Mr. Dyer wished to make one remark, which was, that nearly 
the whole of what he had said was to show the practicability of 
Mr. Palmer’s plan, and his remarks would also apply to Mr. 
Bateman's plan. 

Mr. Bateman said there were, some few facts which appeavcil 
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not to be coiripreheiided — there seemed to be some inisutider- 
stauding. It had been stated, that the maximum velocity of the 
flood tide %vas greater than the maximum velocity of the ebb tide ; 
and it had been stated to the dbntrary. Now there were some 
statements in Captain Denham’s book which went to prove certain 
facts. Captain Denham was employed to investigate all the par- 
ticulars and intricacies of the port of Liverpool, and to form a 
chart of sandbanks ; and he had executed his task to an extent 
that had scarcely ever before been carried out. He had found 
channels, and made the Victoria Channel, and he had made experi- 
ments as to the velocity of the flood and ebb tide. There could be 
no reason whatever to suppose, that, in doing all this. Captain Den- 
ham had any other view than to record llie facts as he found them ; 
und ho believed it had been universally admitted by all who had 
tJio op}»ortunity of judging, that they were as he had stated them. 
He said, that the greatest velocity of the flood tide, at three hours 
flow, was six miles and thr?e quarters an hour ; and that the great- 
est velocity of the ebl^tide, at two hours flow, was seven miles; the 
greatest velocity of the flood-tide being at three hours, and of ebb 
at two hours, and the velocity of the ebb beings greater than the 
flow by a quarior of a mile. He saic^ that every cubic yard of 
tho inflowing tide contained 29 inches of matter held in suspension, 
and tl)at every cubic yard of ebb tide contained 33 inches ; and he 
tf’sted this by measuring the sand carried out, and forming accu- 
muiatioiis al)out the bar. There was also another misunderstanding 
with regard to the material brought down from the river. He bad 
ascertained, that the greatest velocity of the greatest flood at War- 
rington was four miles an hour. As it widened below, the velocity 
decreased until it came down to Runcorn Gap, where it was 
miles an hoflr. It gradually increased again, till at Liverpool it 
was s(3veii miles an hour. Mr. Buck had shown very clearly the 
eiToct of Mr. Palmer’s plan. The tide rises and falls in pretty 
nearly the same time ; and do what we will at the estuary, it will 
continue to do so. The water now runs out nearly as fast as tho 
tide falls, and it is quite clear, that if only one-fifth of the quantity 
flowed in, as it cannot flow oui faster than the tide falls, it must 
flow at onc-flfth of the velocity; this would reduce the momentum 
to one-twonty-filth,.and where then would bo the force to keep 
open these enormous channels? The velocity would|not be seven 
miles an hour at Liverpool, after M?. Palmer's plan was carried 
into operation, but probably a mile and a half. The bar would be 
brought nearer Liverpool, and the deep part at Liverpool would be 
gradually silted up. Not to travel too far for instances, if we ex- 
amine all the estuaries on the same coast, we* shalUflnd they arc all 
open mouthed like the Dee and Ribble, except Wyre Harbour and 
the port of Inverpool. 

These are the only ports with narrow necks at their | unction 
with the sea, and wide expanded bays above, and yet they are the 
only ones that maintain their deeps, while all the others have been, 
or are gradually be<‘:oming, choked up with sand so as to lose their 
intercourse with the sea. 
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.Mr. Liiigan.1 saiil, if Captaiii Denham’s stati'iuent, lliat ever/ 
cuhic yardof fiooU tiile couiuined 29 inches ol iiuUltir in .suspension, 
uud every cubic yunl €>r ebb tide contdined 33, n( re. coirecl, that 
must cause an excavation of 16 fnches of the bed of ihe rivei every 
year. Then, Mr. Palmer only proposed at present to make ibc 
improvements down to Weston Point, and ihcrefore tbe whole of 
the estuary was left open- He was sorry the discussion had occu- 
pied so much of their time ; but he was glad it had come to so 
satisfactory a conclusion, because he did not recglloct that there 
was any difficulty, except from their contracting the river abote ^ 
I-iverjjool. He understood Mr. Palmer had been invited to come 
down this evening by some gentlemen conhected wiih the society, 
but that he could not do so. He, however, had had some correspon- 
dfujce with Palmer upon the subject of the discussion, and 
would read t<f them his views Upon it. — He then read extracts from 
Mr. Palmer's letters. 

Mr. Hopkins said, as he understood the first letter, Mr. Palmer 
liad reasoned merely upon the river iiboV(i^Tdveipool. if so, he 
hud reasoned upon mutters of little conseijuence. W ere they to 
uiiderscand, that Mr. Palmer had not directed his attention to the 
outer portions uf the rivor, but merely estuary ^ All his 

, (Mr. Hopkins’s) objections applied to the silting up of the Victoria 
Channel and of Fonnbv Channel. 

Mr. Liiigard said, from Mr. Palmer’s report and corresiiondcnce 
lie conceived that Mr. Palmer believed, that, by e\cavaiii»g ibis 
channel (in the estuary), ibe could cause the tide to rise liiglicr ; 
and, inasmuch as it would come up to Kiincorn in much le.ss time 
then it now does, it would also retimiin about the same lime ; and, 
therefore, the effect of tliis power would be much greater out at the 
mouth than it now was. From a number of statcincmts which bad 
been made, it appeared that the river now had sufficient depth to ^ 
bring up steamers of 120 lon.s burthen. He had no wisli to pro- '} 
mote Mr. Palmer’s p»lan, or Mr. Batemans plan, or Mr. llliodes’s •’] 
plan, but to ascertain whether any plan was practicable, and then 
to see if the benefits were such to Manchester as would warrant its 
being carried info execution. They could not come to any 
thing more satisfactory, and it would be well^ to have a meeting 
somewhere else to ascertain the benefits. 

The chairman theti announced the conclusion of tlte discussion 
on this subject, winch he said had excited considerable inleresl, as 
was evidenced by the numerous attendance. 

Mr. J. C. Dyer moved a vote of th^|ks to Mr. Lingard for 
b' inging the subject forwtird, and said, iWiie discussion was at an 
end orally, J»e hoped that gentlemen who were interested would 
now take up the goose quill. 

Mr. Hopkins, in seconding the motion, said, he liopcd and 
|;#YU8ted that great good would arise out of the exertions of the coin*, 
r' pany with wliich Mr. Lingard was connected, and that they would 
. ha\e the cordial assistance of the town. 
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T]u; chairiiiun iIhmi put tlit; inoUoii, which passed by acclamation , 
uikI was suitabl y ackiiowledgetl by Mr. Lingard. — A vote of thanks 
was then given to the chairuiaii, and the conversazione terminated. 


Something on an Experiment o/‘ M. A. de l.a Rive. By 
P. O. €. VoRLEs'sMAN, of Hurr.* 

The electro-coiiduci.iiig powers of metals becomes deterior- 
atcMl Iw ail elevation of temperature, whilst, oti*' the contrary, 
elevation of temperatur^ enhances the conducting powers of 
liquids. Although tins inference accords with M. Enschede's 
views of this important point, it is by no means a decisive 
conclusion, as appears to be the opinion of most philosophers. 
M. De la Rive made some experimental enquiries respecting the 
phenomena that would occur by the 4 >as 8 age of an electric cur- 
rent from a metal to a liquid, and from the latter to the former, 
when both were heated. For this purpose he employed a small 
voltaic battery of four pairs. The poles were joined to two 
platinum plates, one to each, which were immersed in water in 
a glass vessel. A galvanometer was also in the circuit : and 
the deflection of the needle amounted to 12®. The strong flame 
of a spirit lamp was then brought to beneath the positive plate, 
(that at wdiich oxygen is developed) until it appeared at a glowing 
fjcat ; ami had communicated to the water a sufficient degree of 
heat to cause it to boil. This treatment caused no change in 
the deflection. The negative plate was next heated in a similar 
manner. The deflection became increased to When the 

application of the. lamp was discontinued the needle returned 
slowly to 12® deflection again. By another experiment, in 
which be employed a more diluted acid in the battery, the first 
steady deflection was 45 «. Heating the positive plate produced 
no change in the deflection ; whilst heating the negative one 
carried the needle on to 80®. ♦These experiments were pub- 
lished in the Bibliulhe^ue Universelle, for February, 1837. 
From tli^ above results De la Rive concluded that, 7ic«f has no 
injtucnce on the passage of an electric current mhitst going from 
a metal into a fluid; hut that the influence of Heat is very 
perceptible when ike Lurrent is passing f rim H fluid to a metal 

Concerning these experiments I have nothing to say, but the 
inference drawm from them, I believe, ts not correct. VI hat 

* PoggonUcM fF’s Auuab'n «lei‘ Phy, «t»<l Chernif, li xlix. 8 101), 
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De la Rive ascribes to beat is only a consequence of the motion 
of the wat^r whilst boiling, by which the plates are frequently 
brought into contact with fresh strata of that liquid. Indepen- 
dently of heat I can easily produce the same phenomena, by 
nie’*ely agitating the plates a little in the liquid ; or by agitating 
the latter, witli a glass rod, in the vicinity of either of the plates. 
The following are the results of some of ray experiments. 

I took a voltaic battery of five pairs, and charged it witli 
pure water. Two platinum wires, terminating in a glass of, 
water, were united with the two poles of the battery ; and a 
galvanometer was in the circuit. The deflection of the needle 
was 45®. In a short time the deflection began gradually to 
lessen. I now agitated the positive wire, but no change took 
place ; but I h^d only tlie negative wire alone to touch to ob- 
tf\in a sensible increase of deflection, and by a continued motion 
of the liquid, a steady deflection of the needle could be obtained. 
The first deflection being 4.5*^, it became lessened in the following 
manner. 



Stijfulard 

Dtifleetion hy shaking 


cft'flfcctioui. 

Uie negauv« wis-e. 

15 min,... 


400 

30 

Hi .... 


60 


32 


{Shaking the positive wire produced no change.) 

When the shaking of the wire was discontinued, the needle 
gradually retired to its former degree of deflection. I'he same 
thing takes place when a copper wire is used ; as will appear 
by the following table of results from my experiments. 


April 13th, 

at 9h. 

Om . . . 

Standwd 

deftoctioii: 



Pcflection hy shaking 
the negative wire. 

At the end 

of 

10 .. 

38 ,. 

45“ 

Ditto 


20 .. 


44 

Ditto 


SO ... 

S2 ... 


At 

...lOh. 

0 

25 

. ... .32 

At 

...10 

SO ... 

15 

23 


(By shaking the positive yrire not the smallest effect was 
produced.) 

The dijflference of deflection by the employment rf copper 
wire is much less than when platinum is used, as, for well 
known reasons, m|ght be expected. 

The motion thus performed in the liquid, is, in principle, 
precisely the same as by employing an extended surface of 
the negative wire. In fhe latt^ case wo use a third wire : 
an^|:%y iVlabing this in the liquid in connexion with the 
tM^bsitive wire no changr* in the deflection of the galvanometer 
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netnile is produced : but if we place it in connexion witli the iiega* 
tivo wire the intensity of the current immediately increases. As 
soon as the fluid shows no strange properties, and, consequently 
no ]Kjlarizalion of the wires takbs place, none of the above named 
phenomena will be observed : a motion of the liquid or of the wire 
makes no change in the intensity of the current. When De la 
Rive employed the platinum wire and diluted acid, or the copper 
wire and a solution of copper, he ought not to have arrived at the 
singular conclusion, that heat exercises that mysterions influence 
over the electric condition of bodies which he describes. 

The same thing takes place by employing a simple element of 
xinc ajid copper. When I agitated the zinc plate, no change in 
the current w'as produced : whilst by agitating the coj)per j)laie the 
intensity of the current became perceptibly greater. By this mo- 
tion, the particles of zinc which had been traw.spor^d to the co])pt*r 
plate, became removed ; a^d instead of a partially zinc-covered cop- 
per, I had one witli a clean metallic surface. 

If, instead of a diluted acid, the zinc and copper clement bo 
immersed in a concentrated solution of sulphate of potassium, the 
difference in the intensity of the current is reversed ; and we must 
agitate the zinc plate to increase that intensity. This circumstance, 
exjdains the excellency of Wollaston’s battery, in which the zinc 
is surrounded with a double c(>p]>er surface. By the modern battery 
of Danioll, w'e may probably ascertain whether or not this 
advantage be due to the masses : or wdiether the surface of the 
copper ought to be greater than the zinc, in order to obtain a 
maximum of action. At present, I am not prepared to ascertain 
the jnstness o( this idea. 


Galvanic Experiments. By Mr. William Sturgeon- 

The above described experiments of De la Rive, and of 
Vorlessman, appear to be of the same class as some of those 
which I published in the year* 1830, in a pamphlet entitled, 
V Recent Experimental Researches in Electro-Magnetism and 
Galvanis*n.” My experiments were made with a single pair of 
plates of the .same kind of metal, plac^ in ah aqueous solution 
of some of the acids ; and those which wercb employed in the 
experiments about to be described were two fiat pieces of iron, 
which formed the voltaic pair. A galvanometer in the circuit 
indicated the direction of the current. The following extract 
commences at page 46 of the pamphlet in which the experi- 
ments were originally published. 
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]ron and a Solution of jyUrous Acid. 

When both pieiif^es are placed in the same acid solution, tlie 
one a minute or two before the other, the latter, if bright, ope- 
rates as copper in the S. ve;*y powerfully indeed ; iind this 
singular phenomenon is exhibited to as great an advantage with 
these materials as with any tJiat I have noticed : but these elec- 
trical relations very soon cease, and the pieces almost immedi- 
ately display electricity in the opposite way, precisely the same 
as when nitric acid is employed. 

There is another phenomenon exhibited in these experiments 
which I believe has never before been noticed, but which, by 
the regularity of its display, must necessarily involve some ///ro- 
retical principlct and consequently becomes as interesting to the 
philosopher as any other ; I have observed it more t>r less in 
several other experiments, but as it is very decidedly exhibit'd 
with , these materials, I will describe it In this place. 

When two pieces of polished iron have ri)ecn for a few mi- 
nutes immersed in a weak solution of nitrous acid, and in con- 
nexion w'ith the galvanometer ; if one piece be taken out, and 
very soon returned to its place, the neej|le will bedeHected to a 
considerable angle, amounting in same iiistances to indi- 

cating the piece last plunged in, to bc^ operating as copper in 
the H. B., and the needle will not return so qni(‘kly as if that 
piece had been bright before iminersitm, but will frequently re- 
tain that character for some time; it takes place with either 
piece ; it is a matter of no consequence 'which is first plunged 
into the acid solution, the last will always flisplay the pheno- 
menon I have mentioned. I have obtained the sumcipresult for 
twenty successive times, by first Utking out one piece, then the 
other, leaving them in the solution about half a mtmute between 
each time. 

Iran and Muriatic Avid . — -When two equal pii^s of iron are 
immersed in a solution of muriatic acid, the piece last plunged 
in will display its electricity in the character o,^ copper in the 
S, B. If now, the other piece be taken oUt,' it will also ope- 
rate in the same capacity, in precisely the same^,raanner, as w^hen 
iron and nitrous acid are employed ; and this species of action 
takes place when the pieces ,*re immersed, the one in the acid 
solution, and the other in water, so that the first effect indicated 
by the needle, will depend on the order of immersioto ; but if 
tiiey be left unmolested for a minute or two, the piece in the 
acid solution will ^operate as copper, whilst that which is siir- 
^ rounded by water will operate as zinc in the S. B. ; and these 
el^ectrical relations of the two pieceswill be uniformly display e<l 
while undisturbed in their respective chambers, but if either 
piece be in the least moved in the fluid, that piece will immedi- 
dlit^ely operate as copper in the S. B. 

; ♦ S., 3. meany a standard of copper and Kino. 
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This singular and curious plicnomenon, which 1 !>olievc has 
not before been noticed, 1 shall endeavour to describe with 
some degree of minuteness ; and likewise the process by which 
it apjjears to be the most decidedly exhibited. 

Let two flat pieces of good iron, having each about two 
square inches of surface, exactly alike, and well polished, h<* 
connected with the galvanometer, and placed in a vessel con- 
taining muriatic acid diluted with two or three times its quan- 
tity of water- The needle will vibrate a little, but will soon 
come to rest ; but, as it is next to impossible to select two 
pit-ces ot iron so nearly alike in their electrical characters as not 
to display some galvanic effect, it is likely that the needle will 
not repose in tlic magnetic meridian, but .will make some small 
angle tliercwith. L.et that ])iece only, which the i^^edle indicates 
to be operating as zinc the S. B. be gently moved in the in- 
terposei! fluid : the needle will immediately be deflected the 
contrary way, showing that the electrical relations of the two 
picjces of metal become changed by this process. When the 
nccdltr (las again come to rest, move the othei* piece, letting the 
hrst moved piece I'crnain unmolestefl ; the needle will again 
change its direction, and will indicate the last moved piece to be 
<>p(*raiing as copper in the S. B. 

If, whilst the connexions are complete, one of the pieces be 
moved ra}>idly to and fro in the acid solution, whilst the other 
remains at rest, the needle wnll be deflected to an angle of 40*'' 
or 50^, and may be kept steady at about 20^ by continuing the 
motion, still indicating the moving piece to be operating as 
t^opper in file S. B. But the moment the motion has ceased, 
the needle returns to the meridian, and very frequently takes a 
position on the other side. 

r iiave tried iron wdth solutions of uth€»r acid.s, but cannot dis- 
<'over that decided effect as with the muriatic. I have .also 
tried if the same phenomenon could be exhibited by emploi ing 
other metals, sudli as copper, zinc, brass, &c., in <lifferent acid 
solutions, but I have failed to obtain any tiling like that preci- 
sion of results aj^ are afforded by iron and diluted muriatic 
acid. In some cases indeed, the sa^e process appears to operate 
in the contrary way ; and particularly with tin in a solution of 
nifro-muriatic acid. 

• W. STUUGEOM 

H Offal Victoria Gallcfff of Practical SciauCf 

MancheHlvr. * 


Electricity of Steam^ 

The experiments which have been made in ibis town on the 
electricity of steam issuing from boilers, have, I believe, been 
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ratlier numerous., tliou|>:U none of them, tlint I Imivc hearti ol . 
have been attencleil with any brilliant results. I'hrough tlie 
kindness of Mr. Joseph Hadtbrcb and Mr. Richard Roberts, 1 
have had opportunities of making a few experiments on the 
steam both from fixed and locomotive engine boilers : but in 
general I have met with complete failures. The first experi- 
ments were on the steam from a fixed boiler in Messrs. Radfords 
and Co.’s foundry. Expecting to meet with powerful electric 
action, I provided myself with a I..ey den jar, discharging rod, 
electrical stool, &c./ but for fear of being disappointed in 
the employment of tliose pieces of apparatus, 1 also provided a 
delicate gold leaf electrometer. 

The steam w»as up to S6lb. on the square inch, and Mr. 
Radford had §ot a hole bored in the side of the safety valve 
chamber, for the purpose of obtaining' a horizontal jet of steam 
to operate on. Mr. Radford’s foreman wa^ placed on the Insu- 
lating stool, with a frying pan in his right hand and one end of 
a copper wire in his left ; the other end of the wii e being 
fixed to a medical discharger with a handle. Thus pie- 

pared, tlie plug was withdrawn from the hole in tlu'^ safety 
valve chamber, and the frying pan was helel in tlu* jet of .steam. 

I held the discharger by its glass handle, and presented its 
brassS ball to the surface of the boiler, but no spark made its 
appearance. I presented the ball to the apex of several ol' tJie 
conical rivet heads, but with no better success. 

in another trial I mounted the stool mj’self, holding the Iry- 
ing pan in the stt*am wdth one band, and with the oliTier 1 pre- 
sented a brass ball to the rivets of the boiler ; but all to no 
purpose. Mr. Radford afterwards tried in the same manner, 
and with equally negative results, 

A copper wirt^ >vaa next well insulated, having one end in 
connexion with the gold leaf electrometer in a dry warm room, 
and the other end held in the jet of steam ; but not the slightest 
indicatioii of electric action was disooverable. 

In a subsequent set of experiments at the same boiler, with 
the steam at 50lt). on the ^jiiare inch, w^e were similarly dis- 
appointed for H long time ; till at length, Mr. Ransome, who 
was one of the party, held the cap of the electronretcr in the 
fiercest part, of the jet of steam ; the gold leaves diverged and 
struck the sides^f the glass. This jindication of electric action 
urged us on to furtlier trials ibr obtaining the spark, which 
eventually was discovered between an insulated brass ball and 
the apex of a rivet head of the boiler. In this experiment a 
coil of copper wire was held in the steam by Mr.' Ransome, 
whilst standing on the insulating stool ; and the ball of the dis- 
charger, which was attached to one end of that wire, I pre- 
;;:jBented to the rivet head. The spark was first seen by one of 
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the workmen, and afterwards by the whole party ; but 1 think 
tliat it never passed through a j)late of air of more than 1.2()th 
of an inch in thickness. It was just perceptible when looking 
attentively between the two metals. I ought to mention, that 
ill this latter set of experiments, the steam had to traverse a 
glass tube, which Mr. Jladford had had attached to the liole in 
the boiler for better insulation. The outer end of the tube was 
covered with a brass ferrule. 

In a set of experiments w’hich I made on the steam of a new 
locomotive, in the works of Messrs. Sharp and Roberts, 1 could 
get no electric indications whatever. In one part of these ex- 
periments the engine was insulated on blocks of baked wood, 
but all to no purpose. The steam was 501h. on the square incli. 
I have to acknowledge the kindness of Mr. Fothergill, foreman 
of the works, who rendered me every assistance in his power 
whilst making these experiments on the locomotive's steam, 

• W. STURGEON 

Hi'ifal llrforiff (ialfcrff of rm<'ticat Science, 

Manchester, • 


Elicc TRo-Cnr,MisTRY. Oji the Chemkal Force of electric cur- 
rents, considered in rejereme to Chemical Affinities ; and of 
the memnre. the latter. By M. Becqukrkl.* 

• 

1 1 is now’ some time since I first entered on a series of re- 
searelies with a view of determining with exactitude the relations 
which exist in the forces which unite together those heterogene- 
ous atoms which form chemical compounds. From a want of pre- 
cise moans, all my earliest attempts were entirely fruitless. But 
having since resumed the solution of this question, I have been 
fortunate enough to discover a method of experimenting which 
at present permit^ ot better chances of success. 

In a binary compound, the force which unites two different 
atoms to each other, varies in intensity accordingly with the 
temperature, pressure, and other causes : and although the na- 
ture of th^ force is not exactly known, we have every reason 
to suppose that it is the electric. Moreover, whatever it may 
be, it is essential to know its intensity, or the degree of energy 
of its action in those determined circumstances where we can 

* t'omptc llt'iidu, Nos. 17, and 18, r, 671. 

(Extract from the Memoir, road before the Iloyal Acaderov -‘f -^cicof'c, 

, Paiifei, May 4tli, 1840.) 
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coinp:ire it with .nuiliier liikeii as vinlty, if’ wv wish to establish 
a relation of the ibrees wliicli re*»ulate the couibiiuitiou of one 
body with two otln rs : that is to^ay, betwet^ii the affinities, by 
virtue of wdiich, those compounds which result, exist. 

Suppose that, with excesedingly delicate pincers, we could 
take hold of’eacli of the atoms of a combination, and draw them 
in the opposite direction to those of their reciprocal attrac tions ; 
it is obvious that a force thus employed, which would just 
counterbalance, or just vanquish, that force of attraction, would 
be a precise measure of its intensity. For want of apparaitis 
of this kind, which it is impossible to realise ; we have in <‘lec- 
tric currents, properly employed, a power capable of exercising 
the same functions. The principal condition is, to find a means 
of dividing a current^which traverses a solution of two com- 
pounds into two parts in such a manner that each of them may 
separate an equivalent of one of the elements of each compouiul- 

Several principles are necessary to arrive ^fc this determination. 
'I'he first was discovered by Dr. Faraday, and consists in 
this ; — the equivalents of bodies are united, or rather* associated 
with one and the same quantity of electricity : to that the same 
current wdiich traverses two metallic solutions, effects their de- 
composition in such a manner that equivalents of each metal 
are deposited on the terminal metallic plates. Such is tiie case 
when the two solutions are placed in two separate ve^^seU : but 
when they are mixed together the effects produced are of a 
compound nature which permit of comparing the affnity <»!’ one 
and the same acid for two different bases. The great number 
of experiments that I have made on this subject, pfevent me 
from giving them in detail, at this time : I will therefore only 
allude to the principal consequences to which they lead. 

By submitting to the action of the same current, a mixture* 
of the solutions of nitrate of copper and nitrate of lead ; of 
nitrate of copper and nitrate of silver ; of iiiti’ate of silver and 
nitr.ate of lead ; in equal atomic proportions we ffnd that tlio 
decomposition is effected in definite .-proportions ; and that in 
the mixture of the solution of nitrate of silver and nitrate of 
lead, as well as in that of’ the^soliitions of nitrate of copper and 
nitrate of silver, the nitrate of silver is, alone, decomposed ; 
whilst in the mixture of nitrate of lead and nitrate of coppev, 
the latter, alone, suffers decomposition. It is proved,^berefore, 
that the ctirrent prefers exercising its decomposing inffuence, on 
that nitrate in which the affinities ot* the oxygen, and of nitric 
acid, for the metal, are least. 

If w’e augment, by successive atomic proportions, the nitrate 
of copper, in a mixture of nitrate of silver and nitrate of copper, 
we arrive at a limit at which the precipitated silver ceases to be 
crystalline : it becomes by degrees ffocky and tuberculous. At 
this time it takes the form of a mushroom of great extent, the 
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piiriiclcs of whic)) are in such a stale of division that the weigh- 
ing of* them is attended with great difficulty. It seems to result, 
from this moleculare state of the silver, that die mass of nitrate 
of copper in proportion as it is augmented in the solution, ex- 
ercises an attractive action on tlie molecules of the silver at the 
instint they arc deposited on the negative plate, and in such a 
manner as to prevent them from aggregating into a mass, or at 
least, to prevent the force of cohesion to be exercised. 

Very rigorous eA perimerits have shown that by 0|>erati ng on 
a decigramme of nitrate of silvei-, and .somewhat more than do 
equivalents of nitrate of copper, the copper begins to appe^ar in 
the precipitate. By continuing to augment the eqiiivalentwS of 
nitrate of* copper as far as 67, the metaWic precipitate is then 
composed of one equivalent of silver and one equivalent of cop- 
per. 'fliis result could «ily fake place, according to the hypo- 
thesis of I.)r. Fara.I^, wdien the current is divided into two 
perf'ectly ecpial parts ; since, the equivalents of bodies being 
associated with equal quantities of electricity require two cur- 
rents of e(jual intensity to accomplish theii* sejiaration. We 
may thence infer that, the force whif^ unites the oxygen and 
tlic nitric acid to the silver, in the nitrate of that metal, when 
there is in tlie solution one atomic part of this compound equal 
to is the same as that which unites the oxygen and the 

nitric acid when there is in that solution 67 atomic parts of 
nitrate of copper. 

Tiic experiments were made in such a manner that no secon- 
dary comj^iunds were produced capable of changing the atomic 
pro])ortions of the dissolved salts. The influence of masses on 
the decomposing action of the voltaic current being thus made 
evident, it became necessary to ascertain if the relation of the 
masses, in order to arrive at the division of the current into two 
equal parts, ought not to vary when we augment the absolute 
quantity of atomic parts of nitrate of silver. That is to say, by 
adding, successively from O'l®*, to 0.5^^', and to I'OS*. The re- 
sults of our experiments have showm, as ought to have been 
expected, that the reaction of the masses was no longer the 
same. • 

•By diluting the solutions by water, the influence of the masses 
diminished, as might be expected. 

I regret that I am unable, in this place, to give the numerical 
results obtained as well the discussion acccitopanying them, 
which are given in my memoir, in order to afford better evideiic’e 
of the influence of masses on the electro-chemical action of the 
( urront, so as to force it to separate, at the same time, two 
equivalents of two different binses. When the quantity of nitrate 
of cojiper is considerable in the solution, not only are the above 
described eft’ects observed ; but there may also be seen in the 
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iiolutioii, when it is illuminated by the direct light of the sun, 
a considerable quantity of small metallic particles in motion, 
Avhich seem to indicate, in some, measure, the mode in which 
the particles are transported by the voltaic action. 

When the separation of two equivalents is accomplished, the 
force which unites the oxygen and nitric acid to an equivalent 
of silver, and that which unites the same two bodies to an 
equivalent of copper, being overcome by the same current, must 
be considered as equal ; because two equal forces acting simul- 
taneously, for the same period of time, and producing similar 
effects, are supposed to overcome equal resistances. Hence, wc 
must necessarily infer that those affinities w'cre equal to each 
other. 

From the influence of masses in these actual results, w'c arc 
enabled to draw some conclusions res'pecting their general in- 
fluence in all similar circumstance. In a rj’ixture of two sa]t>, 
of two metallic nitrates, for instance ; if we augment the num- 
ber of eqaivalent^of that who.se parts aj*e united by virliu- of 
the strongest affinities, we, enfeeble the action of the cnrri nt on 
the other nitrate ; so that at a certain })eriod the action of this 
current is sufficient to vanquish the a>hnities which unite the 
oxygen and the niti'ate acid to an equivalent of each of the two 
metals. Why is a similar effect produced by an iiicreasc of the 
m.asses? We cannot conceive that by admitting that in pro- 
portion as nitrate of copper is added to the solution, llmpartlch s 
of that nitrate appmach one another, and thus increase the 
action as much as that w hich the current exercises on them. 
Now, as the action of the current is definite, it follows, that lliat 
which it exercise.? on the particles of the other nitrate should 
diminish in the sair.e ratio ; or at least, exercised on a smaller 
quantity of it. 

From the preceding facts, it appear.? that the forces which 
unite oxygen and nitric acid to an equivalent of silver and of 
an equivalent of copper are in some proportion to the masses 
necessary to accomplish a separation of one equivalent ol* each 
metal. But is it in the simple ratio of the masses, or as that of* 
their squares, or as some othA* function of those masses ? Of 
this we are perfectly ignorant ; and nothing remains to be doije 
]>eyond that of determining the general law of the aU^mic pro- 
portions nece.ssarv to accomplish the division of the current into 
twui equal pai'ts, when one of Uie elements is uncertain. This de- 
termination, which can be arrived at only by many experiment.*^, 
would assist in discovering the general law of the affinities of 
nitric, or of any other acirl, for all oxides. It would then be 
seen if the nuinb«n'S obtained by M. Ed. Becquerel), by me.ins 
of another process, of the affinith‘.s of certain borlies, arc the 
same as those which I may ubiinalcly arrive at 
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1 may here repeat, that the facts detailed in my memoir, show 
that two metals may be separated from their solution in the 
same acid, by a very simple process. Whenever the masse'; in 
a o'jven volume of the solution does not tend to accomplish their 
sej»aration immediately, this may be effected by dilution with 
water to the required extent. 


(^u Electric Atmospheres. By Giami^atista Beccaria. 

■M-2. T call electric htell (PI. V. J.) the vessel, or can 

A, made of tin, fifteen Itali.an inches high, and six and an half 
wide ; and, to prevent its lo.sing its electricity, its edge has been 
rounded by the means of an iron ring fixed to it. I insulate 
this t\'in, or electric welly upon a small table *T, raised upon a 
‘uipport of glass V, and I commonly^ electrify it by touching it 
with the liook (or with the coated bottom) of a charged bottle, 
wliic^li I hold by the means of an insulated handle (PI. V. 
fig. 2.) ; i need not say, that when I touch the well with the 
hook of the charged bottle, 1 observe to touch with my finger, 
^;•hen 1 mean to charge the w ell, witli the outside of the bottle. 
Ill tliis well I distinguish two parts; the first is the lower part 
of it, that is, that part of its cavity which roaches from the 
liottom, to*two~tIiird parts of the total altitude of it ; the upper 
part is that whicli, from thence, extends up to the edge of 
the Avcll. 

11-3. I call AT an electroscope annexed to a long stick 
of sealing-wax (PI. V. fig. I.), the threads of it are exceedingly 
fine, and only an inc*h and a half loiig, and to them are fastened 
two bits of paper in order to render their motions within the 
cavity of the well sufficiently conspicuous ; and that I may 
perceive them th5 better, T cover the bottom of the well with a 
round plate of tin blackened over* 

.444. 1. A man suspends the scrutator in the middle of the 
low'd* cavity of tlie well, in such a manner that it does not touch 
either tlie bottom or the sides ; I then touch the well, at one 
time with the hook, and at another with tlje outside of the 
bottle, and I find that the threads remain unmoved. II. The 
person who holds in his hand the threads of the scrutator now 
touches the bottom, and then the sides of the lower cavity, and 
the threads still remain unmoved. III. The same jierson sus- 
pends again the scrutator in the middle of the lower cavity, 
without touching either the sides or the bottom of the well ; I 
then insert into the well a small rod of brass, with a ball at its 
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end, and present it to tlie threads of' the a'crulatov, taking cave 
not to touch either the edge or the sides ot* the well, and the 
tlireads fly to the ball. I destroy the electricity, and the person 
who holds the scrutator draws it out of the Avell ; then the 
threads ntanifest an electricity contrary to that which I had 
communicated to the well ; that is, if I touched the well with 
the hook, the scrutator runs to the hook, and flies from the 
outside of the bottle ; if I touched with the outside of the bot- 
tle, the scrutator flies to the outside of the bottle, and runs from 
the hook. IV. I annex a short and very fine thread latcrally 
to the lower cavity of the well ; the scrutator is again sirs- 
pended w'ith it, and I, with the bottle (I always understand it 
to be strongly charged) electrify the well. Seeing that both 
the threads of the scrutator, and the annexed thread remain 
linmoved, I put the brass rod into the well, and present it to 
the threads of the scrutator, wdien tlie latter instantly lun to 
the rod, and the annexed thread diverges adittle from the well ; 
if both the annexed thread ami those oi the scrutator happen to 
be near each other, they immediately join. 

445. I shall relate anricher experiment on the same subject, 
the consequences of which arc still m^re obvious than thu^-c o(‘ 
that just described. I fasten to three silk threads B, a cylinder 
<jf tin (PI. V. fig. 8.) two inches high, and also two inches 
wide, the edges of its bases are rounded, tliat it may not attract 
electricity, and I cidl such cylinder the electric bucket. 1. A 
man suspends this bucket within the lower cavity of the well, 
taking care that it does not touch either the .sides or Imttom of 
it ; I eh*ctrify the well, the man draws the bucket tmt, taking 
(,*are to keep it at an equal distance from the sides ; I then pre- 
sent a thread to it, and it is not moved in tlie least. I'lie man 
puts again the bucket into the low’^et cavity of the well, of which 
J revive the electricity ; he draw.s it off again ; I then pn?.scnt 
a thread to it, and it still keeps unmoved. III. The man again 
juits the bucket into the lower cavity of tlie well ; I elecirily 
the well, and then put into it the rod C, the ball of which I 
present to the bucket ; then a spark is throwp out ol it, which, 
wnth respect to its explosion and light, is much superior to what 
might be expected from the tapacity of the bucket. I'he man 
again draws the bucket out, 1 present the scrutator to it, and 
the threads are rapidly dr,awn, then repelled by it<i> When I 
have touched the well with the hook of the bottle, the threads 
repelled by the bucket, are also repelled by the outside of the 
bottle, but drawn by the hook ; when I touched the w^ell with 
tlie outside of the bottle, the threads repelled by the bucket, arc 
also repelled by the hook, but drawn by the outside of the 
bottle. IV. The man suspends within the well two buckets of 
an equal size I), f/ (PI. V- fig. 4.), the bucket d banging from 
the bucket D, by silk threads two inches long : both are drawn 
out; and neither of them can move the threads I present to 
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ilieni. V. The man again puts the buckets into the well ^ the 
lower d touches, as it did before, the bottom of it, which D does 
not : r then touch D with the rod, and a strong spark is thrown 
out ; the man draws out the two buckets, when both draw the 
threads, but D does it most strongly, and d but very weakly, VI. 
The experiment is repeated, and the buckets are drawn out; I pre- 
sent to D the threads of the electroscope, alier they have touched 
the part of the bottle contrary to that with which I electrified the 
well, and they are repelled ; I then with my finger touch the 
bucket i ), and these same threads which are strongly repelled by 
D, are weakly drawn hy d- VII. 1 again repeat the experi- 
ment ; the buckets being drawn out, I suddenly destroy the 
electricity in I), and the threads of the scrutator, which have 
touched that coating of the bottle wdth wjiich I have electrified 
the well, are repelled from </. 

44^). Dr. Franklin, in-page Stiio of his works, proposes his 
exj)crimcnt of a cork ball, which, hanging by a silk thread, and 
lowered into a silvei*can till it touches the bottom of it, draws 
no electricity from it. 1 was informed of this experiment by 
a short but ingenious disssertation of M. de»Saussure, a phi- 
losopher of Geneva, when in Februany 1769> ^ published my 
little book dc Aimospkerd Electried, in which I fully analysed 
this fturju'ising and mysterious experiment. I have since re- 
ceived the Work of Dr. Priestley, published in the year I 7 C 7 , 
in which I have seen that the itigenious author had made seve- 
ral atlcrapta (page 731 .) to analyse the same experiment, thougli 
he had nowise succeeded ; this I attribute only to the extreme 
delicacy of the subject, which' requires both a most favour- 
able weatlxer, and a most careful management throughout tJje 
whole experiment. The weather being supposed favourable, 
here are a few things amongst others, that must be attended to : 
J. The bottle with which the well is to be electrified, must, 
instead of a hook at the end of the rod inserted into it, have a 
pretty big ball fixed to it, because the hook which is commonly 
used, being made of a thin rod terminating in a point, may 
easily turn the electricity in the threads of the scrutator into a 
contrary one. XI^ When afterwards the electricity is to be ex- 
cited in the threads of the scrutator, they must at the same 
time that they are presented to %he outside of the bottle or 
to.the hook, (I retain the same name though a ball is now used) 
be rapidly^touclied with a finger, that they may thereby, first, 
contract a contrary electricity, and then fly to those bodies and 
impregnate themselves with their electricity. HI. Before draw- 
ing either the scrutator or the buckets out of the well, the elec- 
tricity of the latter must be <lestroyed. lest those bodies in their 
passing through the mouth of it, should receive an .altei*ation 
in theiv electrical state, from the united atmos]>heres of the edge- 
IV. But the chief reason why, when the two buckets are drawn 
at once, it becomes necessary to suppress the' electricity of the 
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vvoll, is to prevent a \iiixtiire of the two different electricities ; 
that is, the strong one in D, and the weak one \n d: it is need- 
less to observe, that before su^ipressing the electricity of the 
well, the bucket d nuist be previously raised sonievvhat above 
the bottom, else the electricity would be destroyed al 'o. V. 
Moreover, when the two buckets have been jointly drawn out, 
it must be observed, 4hat as long as D will retain the electricity 
it has contracted within the well, the bucket c/, which w ill be 
surrounded by the atmosphere of D, will repel the threads of 
the scrutator when they have been repelled by D ; therefore, 
the electricity of D must be previously destroyed to inquire 
after the contrary, and weaker one in d. 

447. These cautions being once carefully attended to, the ex - 
periments that 1 have described are always followed by the same 
clfects, and afford an analysis of the said fine .rraiiklinian experi- 
ment, as well as com)>lete the demons«ralion of the propen\ (»f 
t'lectric atmospheres, which 1 deduced in the }>recedent Chapter 
from thesim pie experiment ofathread presented eiiher to the Chnin, 
or to the Machine : tlie above experinunits, besides, o]H'n u var.i 
field for intercstiirg and ilnjiortant discoveries. 

44^. All these cxperiiuents concur in making it inunifest, that 
the eleciridhf viiroduced info ike nrUf endeavoursy it is irucy to 
exciU a contran^ one in the threads of the scrutator, or in the 
bucket, or Vi any other hod^ placed niihhi its cavity (in width 
consists tin; first property of electric atmospheres.) 11. But that 
ike homologous electricities that seek to communicate tht msc/ves to 
the above bodies from apposite parts of the cavity, reciprocally 
obstruct and annihilate each other (which is the second properly), 
as long as those immersed bodies have no cemmuniration eitiier 
with the ground, or other external body, by the means of whit ii 
they may be enabled to contract an eh'ctricity contrary ttj tliai in 
. the w'ell. 

44fh Secondly, from the same experiments, a few additional 
truths are moreover discovered, concerning the above projuTties uf 
electric atiaospberes ; for instance, they shew that an cxce.ss of 
fire endeavours to produce a. deficiency equal to it, and vice versa. 
If this were not the case, how could it happcif that the cdectriciiv 
of the bucket d, which touches the bottom of tlie well, comes out of 
the same with an electricity so inferior to that of the bucket I), 
which remains suspended within the cavity of it ? surely thismuvt 
ho imjiiitcd to the aforesaid equality. From the inner surface of 
the well no quantity of lire can be exerted gnjater than that which 
can be driven frrtm the small surface of the bucket 1) ; or, if the 
tvelJ be negatively electrified, from the inner surface of the well, no 
qmmtiiy of natural fire can pass to the outer surface of the same, 
greater than that of the excessive fii-e which can flow to the iiicon- 
siderahle surface of the bucket D; therefore, as the whole capacity 
of the inner surface of the well, is to the capacity of the bucket d. 
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so t)iP intensity of the ^.rc/Woiec tricity (wlielhci ])osiuve or nega- 
tive, which all lies in D) is to the intensity of the elt.ctviciiy in tlie 
bucket d, into which only a proportional part of the t .rcifntg' elec- 
triciry is clilfusefl.. • 

460. Fourthly, from the same experiments we may again draw 
this consequence, viz. that the elccfricily which, ariaes in the 
bucket immersed fuithm the cavity of the well, must he as muck 
superior to the eleclricitj/ that would take place on the same, if 
immersed in the outer atmosphere of the well, as the nuinber of 
pohUs in the cavity that concur to actuate a contrary electricity 
in the bucket, is greater than the number of points that endeavour 
to introduce a contrary electricity into the same, when suspended 
in the outer atmosphere. Ijj fact, the bucket outwardly suspended 
gives a s|»ark much weaker than that which is thrown out by it, 
wlioi it is ])laocd within the cavity of the \/ell, &c. 

4o L In the third ])hice, it follows fr<un the same experiments. 
that, both the quantity oj\leclricily that will be exerted from the 
cavity of the well amd the atmosphere that will be excited by it, 
us w('ll as the. contrary elect ricily that will rise in that part of a 
f)odt( which is only partly immersed in the well, will all of them 
be in proportion to (he capacity of iJ^at part of the same body 
rrhich is not immersed. With three silk strings joined together in 
B, (hg. 4.) I suspended within tlte well A, the cylinder 
Ih th<? of wiiich is nmnded at its basis, and I keep it an equal 

jlistance. that is two inches, both from the sides and the bottom. 

\ electrify the well, and that part of the cylinder C, which is not 
inuio'rsed, repels the same electroscope that is repelled by the well ; 
it jujssosse.s, thoiefore, the same kind of electricity. This may be 
easily explained : the electricity of the well, hy raising an electri- 
xuty contrary to its own in the imniersed part of the cylinder, 
lUH'cssutily introduces a contrary one (consequently one homolo- 
gous to its own) into that part which is not immersed ; or, in other 
words, the natural tire driven from the former part of the cylinder 
goes into the latter; or, if the well be negatively clectrilied, the 
natural fire runs from the part which is not immersed, and ac- 
cnnmlalcs itself on that part which is immersed. Tiiciefbre, 
according as tlic capacity of that part of the cylinder C wdiich re- 
mains out of the well in the open air (it must be observed, tliat the 
air near the mouth of the well is somewhat affected by the atmos 
phere, both of the edges, and of the upper part of the cavity, which 
obliquely exerts itself) will be greater or less, both the excited and 
the exciting electricities, and the atmosphere through which this 
excitation is effected, will also be proportionably stronger or 
weaker. • 

452. From the same oxperimonts it results also, that electric 
atmospheres exert themselves and operate obliquely , this I have 
jnst now taken for granted, 1 will now try to denionstr.ate it. Let 
us for an instant suppose that electric atmospheres only operate 
directly ; if so, the elec tricity from the bottom of the well will suffer 
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no kind of counleraotion, while the sides of it will counlcract each 
other; an electricity will, therefore, be able to spring directly 
from the bottom of the w^ell, and none will be thrown from the 
inner edges, since every point oi them has some other point di- 
rectly opposite to it ; but now, this is not by any means the case , 
we must, therefore, acknowledge, that the electricity that is thrown 
from the bottom is counteracted by that which obliquely springs 
from the sides of tlie well, directing itself towards that same 
bottom ; and also, that a cerhiin quantity of electricity really 
exerts itself in an oblique direction, from the inward edge or 
mouth of the W'ell. All this may be very easily ascertained by 
the following experiment. I.et a n.umber of short threads, about an 
inch and half long, be, both outwardly and inwardly, annexed lo 
the sides of the well ; let them be disposed in a vertical line, so us 
to form as it were a single continued thread. When the well is 
electrified, those threads which stand within the low’er cavity ot the 
W'f3ll, keep their former situation ; thosc« which are adapted to the* 
outside of it, are all raised into lines perpenclicular to the side^ of 
the well, though with a small deviation from each oilier, hy winch 
the one arc inclining to the right, the other to tht' left side aU» r- 
nately : those whiteh are annexed to the up]>er part of the inside ol 
the well, diverge more of less from it, according as iliey stand 
nearer to the mouth ; and if any threads have been uiitK‘\f'd to ilic 
bottom of the well, they remain entirely nmnoved. 

C To be amtinmd . ) 


ELEMENTARY J.ECTURES ON ELECTUKVITV. 
LECTURE Vn. 

Although vre are very far froin having exhausted the elect ro- 
scopic class of phenomena, it may be prudent, at this period of 
our illustrations, to direct your attention io the structure, ma- 
nagement, and uses of other pieces of apparatus of a somewhat 
more formidable character, and by means of , which we shall be 
enabled to pass through a great number of illustrative experi- 
ments, and show some of tJje principles of electric action to a 
much greater advantage than by the employment of those deli- 
cate instruments which we have hitherto operated w ith. 

I will first describe to you the electric machine, an instrument 
of general use amongst electricians whilst performing many of 
their favorite experiments. There are, however, at this time, 
two distinct forms of eledrical machines : both of which are in 
general use. One of these is called the cylindrical machine, 
the other the plate machine. Some persons prefer one of these 
machines and some the other : but as the cylinder machine is 



FJementarij htctures on Electricity. 421 

more commonly used tliau the plate one, 1 will describe it, only, 
in t})is place. 


Fig. g. 


The principal operating parts of tin's machine consist of a 
c ylinder of glass and m flexible cushion ; whicli, by rubbing 
against each other,^excite the electric fluid in precisely the same 
nianncr as it is excited on the surface of a glass tube, or on 
sealing-wax. Fig. 9 is a representation of a cylinder machine ; 
in which B is a stout mahogany board, and, tn some cases, well 
varnished also. Both are useful, inasmuch as, if the copper 
surface of this board were not so finished, the fibres of the 
wood, would be apt to draw off some of the fluid which had 
been excited ; and would, consequently, lessen the disposeahle 
part which as intended for experiment. This board forms 1 lie 
bases of the instrument. Y, Y, is a cylinder of glass, supported 
on twtj pillars whose lower extremities are well fastened into the 
board B. The glass cylinder has an open neck at each end ; 
and on Acli of these necks a cap of wood i.s firmly cemented. 
Each w ooden cap has a projecting cylindrical pin, formed of 
the same piece of wood, in a lathe. When the caps are cemented 
to tlicir respective necks of the glass, these pins ought to be 
situated in the axis of the cylinder continued ; because they form 
the pivots on which the cylinder rotates when the machine is in 
action. Proper pivot holes in the upper ends of the two sup- 
porting pillars are provided for the reception ot these pivots. 

fo t>ne end oT this axle is attached a handle, or winch, as 
seen in the figure, for the purpo^ of turning the cylinder. On 
the further side of the cylinder is a cushion, mounted on a glass 
stem, the lo\vcr end of which is fixed in a piece of wood that 
slides in*a dovetailed groove in the base-board. There is alsoa 
a set-screw attached to this piece of mechanism, all of which 
will be understootl by looking at the figure. • This sliding piece 
is for the purpose of pressing the cushion more or less against 
the surface of the cylinder, and the screw is to hold it fast at its 
place when the required pressure is obtained. The cushion is 
frequently called the rubber. It is furnished with a silken flap, 
one end of which is sewed to the upper side of the rubber and 
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the other part lies on the upper surface of llie cylinder, in the 
manner shown in the figure. This piece of silk is intended to 
prevent the excited fluid from flying ofl* into the atmosphere, 
until it arrives at the extreme •dge, where it is attracted and 
taken from the cylinder by a row' of metallic points, wdiich are 
attached to one end of the prime conductor C, C. The prime 
conductor being supported on a pillar of glass, (4, is insulated, 
and from it the fluid can be transmitted to other pieces of 
apparatus for experiment. The cusliion is also insulated ; and 
some experimenters think it necessary that the glass cylinder 
should be insulated : for which purpose they have its supports 
of glass. For my own part, I do not see the necessity of liaving 
the cylinder insulated. 

There are many particulars to be attended to in order to make 
a macliine work well.* Every part of it ought to be tpiite free 
from dust and moisture ; and the gla^ss parts to be somewhat 
warm. The face of the cushion w'hich rubs against the glass 
cylinder must be covered with an amalgam of zinc, of about 
the consistency of ])utter. and mixed up w ith a litth* tallow' from 
a candle. It mu^t also be connected with the ground by means 
ot a copper wire of abovt the diameter of bell-w ire. When 
these precautions are properly attemled to, the macliine usually 
works well, especially in a warm and dry room, which is better 
adapted for electrical experiments with the machine than in any 
other situation. 

'I'he machine being now in good order, we will takeaway llie 
prime conductor, and put the cylinder into motion. Vem will 
now observe an immense quantity of the electric fluid darting 
from the edge of the silken flap into tJie air ; and pc\^ra] bright 
sparks passing round the surface of the revolving cylinders, 
4’hesc* appearances are exceedingly beautiful when the ro(un is 
darkened ; and they may be produced for a long time together 
by continuing the motion of the machine. If you liold tJie ends 
of your fingers towards the silken flap, the nails will bt' curi- 
onsly tipped with luminous matter, and the whole of the fluid 
excited by the machine will lean towards tliein, and scarcely 
any sparks will be seen travelling round the glass cylinder. In 
this case your fingers attract the fluid, and draw it from the .sur- 
face of the cylinder, and it carried away to the ground by 
yourself, the floor, and the other materials of the building ; ail 
of which are sufficiently gootl conductors for this purpose- 

Let us now in.sulate the cushion by removing from it the 
copper wire. Ymi will now find that the machine produces but 
a very small quantity of fluid, the reason of w’hich is, that when 
it has ])aned with that which naturally belonged to the cushion, 
it can yield no more, excepting some small portion 'which it re- 
ceives from the atmosphere. lJut when the cushion is in metallic 
cormexion with Ujc ground by means of the copper wire, or 
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when the hand is placerl on it, it gets an abundant supply from 
tliat source. Henc(^ whatever quantity of fluid is drawn off* by 
your fingers w’hc*n presented to the edge of the silken flap, a 
similar portion is immediately !=llip]>lied to the cushion from tVie 
ground. In many experiments, as you will set* in a future lec- 
ture, w(* dispense with the copper wire, and have the cushion 
purposely insulated. 

Let us now turn the j)oiiits of the prime conductor towards 
the cylinder, taking care that they do not touch it. Now turn 
the machine, and 5’ou will observe that these me^tallic points are 
ail tipped with small luminous stars. They are receiving the 
electric fluid, and conveying it to the prime conductor. 

You will see that there is a nieUiilic ball and stem attachetl to 
t hat end of tlie prime conductor which is* furthest from the cy- 
linder. This ball is screwed to the stem, and may be removetl 
from it at pleasure, and would then expose the sharp pointed 
termination of the Aem. 

When this sharp point is uncovered, and the machine in good 
action, you will observe a beautiful brush of electric light pro- 
c(‘eding from it ; and if you present back of your hand to 
this brush, a singular and rather pleasant sensation, something 
like a gi'ntle stream of wind, is experienced. When a smooth 
metallic ball is j^resented to the point, a series of exceedingly 
minute sparks is observed; but when another fine metallic 
point is ju'caented to it, this latter is tipped with a spot oi‘ light. 
Now as the point which is attached to the prime conduclor is 
delivering the fluid and the other receiving it, we Iiave these 
two <li.stii#i*t kinds of phenomena produced. The delivering 
point exhlhits a brush, and the receiving one a star. 

Wc w ill now screw' on the ball, and thus cover the metallic 
point ; y(Mi will now find that a series of beautiful sparks pass 
from the hall of the prime conductor to another ball presented 
to it. 'Fhc snapping noise which these sparks make is occa- 
sioned by a sudden collapsion of the air wliich becomes dis- 
placed the electric fluid whilst juinjjing from one ball to 
the other. It i? from a sniilar circumstance, only on a larger 
scale, that thunder is produced,# by the lightning wdiich darts 
from the clouds. In miniature, lightning is very beautifully 
imitated by the sparks which traverse the air from the prime 
conductor to the otlicr ball ; especially when the ball, from w liich 
the sparks proceed, is rather small. You will now perceive 
that the sparks which pass from the small halT in the end of ihe 
conductor, are ten or twelve inches in length, and that they 
travel through the air in zig-zag paths, in precisely the same 
manner as you may have' observed lightning traversing the air. 
The crooked paths of the sparks, and the same remark is ap- 
plicable to lightning, are oecasioned by the resistance w'hieh the 
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electric fluid meets with in the’ air. When the fluid first sets 
out, it drives a portion of air before it, and thus suddenly cen- 
densing it in tiie direction of i^s path, causes a greater resist- 
ance in that direction than in any otlier. Tliis being accom- 
plished, the electric fluid finding an easier path becomes de- 
f!ec!L-,l from the original one; and as it performs the same ope- 
ration on the air in the new path as in the old one, it is again 
suddenly deflected : and thus by a rapid series of deflections 
arising from the same cause, the fluid is conrpelled to move in 
a crooked path through the air, till it reaches its desiinatirm. 
There is also another cause wdiich assists the resistance of tire 
compressed air in producing these deflections of the electrit 
fluid. The compressed air, in front of the spark, becomes 
highly charged with electric fluid, which thus operfites repul- 
sively on the ajrproaching spark, and tends to drive it out of’ its 
then direction. t 

Approach the ball of the prime conductor with the back part 
of your band, and you will receive a scries of‘ sparks which 
produce a sharp burning sensation. You may ha\ e on vuur 
glove, and still ffu* sparks will arrive at your harul : and l>v 
presenting your arm to ^the ball, you >' i]l find that they 
through your coat sleeve. As "wc proceed 1 shall liavc to show 
you that tlu* electric fluid is capable of perforating, and even 
tearing to pieces, those bodies which a?*e not good conductors. 

If, instead of a ball you present a sharp pointe^i wire to tlic 
prime conductor, 3^11 no longer get any spark, but you will 
ob.serve a preU3^ little luinin >ns star on the point, which show .s 
that it is receiving the fluid in a .silent and ahiio.st im^ierreptibU* 
manner. Hold tfic point with one hand towards tlu* prime 
conductor, and with the other hand present a hall to it. > 00 
get no sparks under thcM* circumstances, although tlu* ma- 
chine is in good order ; but if you take awa\’ tlu* ]U)inted 
ware, you immediately get a bcries of .'-parks. Now tlie.'-e arc 
exceedingly interesting fact.s, ‘)3’ teaching us that sharp me- 
tallic points have great influence in drawing off the elei lru; 
fluid from tliose bodies which are charged Ayilh it. 'V'ou ma3f 
place the pointed wire at the distance of several inclu‘s from 
the }»riine coTuluctor, and stiK it has the power of attracting the 
fluid from that a]>paratus to 11 great extent, ^"ou may 11*3^ veg<'- 
table points, such as thonis, the ])ointK of green lyaves, &e., 
and 3'ou will find that all of them have the .same property as 
the metallic point in drawing off the electric fluid. A buneli of 
grass held at a few inches distant from the prime coiuluctor, 
robs it of all the fluid that i.s comnnmitalecl to it by the ma- 
chine. Von will now see tlu* necessity of kecjiitig all kind.s of' 
.sharp-pointed articles eijttrel3’ away fr<un the prime conductm*, 
otherwise much oJ’the fluid, intruded for cx}>e.rinient, w’ouldt be 
lost by means of them. 
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( Concluded from page 42 (),^ 

45!?. Thk oblique action of electric atmospheres explains 
how it comes to pass, that the atmosphere of the one surface of art 
insulating plate, extends itself so far reach the other surface 
of it ; and from tlience comes to be completely understood, one 
of the most perplexing experiments that occur in the science of 
electricity. The experiment has been first made by Mr. Rich- 
man : M. Epino, as 1 understand by Mr. Priestly's Work, has 
related it, but as I have not been able as yet to prepare his book, 
1 shall describe tl^ above experiment in the manner that it has 
Constantly succeeded with me, and conformably to the analysis 
I have made of it. Let a b (PI. fig. 6.) be a glass plate 
nino inches long, and seven inches wide ; let m n and o p 
represent it^ coatings ; c d, e f, are two very thin threads, au 
inch and a half long, with stripes of paper hanging from them» 
and they are annexed to the middle points of bc^h coatings ; I 
then insulate the plate on a stick of sealing-wax, and make the 
coating M N communicate with the chain, though in such a 
situation that the electricity from the chain does not counteract 
the electricity which is to rise in the thread c d. From the 
ipround I touch the other coating p o, taking care to keep my 
At such a distance o from the thread £ that it may 
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not influence its* divergence ; and then I observe, I. That in 
proportion as the charge is farther promoted, both threads e d, 
e f, gradually accpiire a greater divergency- H. That ii, in 
this state of things, a person insulated and comimlnicating with 
tl)e chain, presents the palm of Iiis liand pariillel to the ]>late, 
near the thread c f, the latter falls ; and it* from the ground 1 
likewise present my hand to the thre;id e f (still touching the 
coating in O), the thread e falls likewise. If both the hands 
that are presented to the threads, or either of them, are nuioved, 
both the threads, or eitlier of them, begin again to diverge. 
III. If, when the charge is completed, I present iny hand to 
the thread e f, it falls down, though I entirely leave ofl' touch- 
ing the coating with my other hand ; hut, on the contrary, if 
before the charge is completed, I present my finger to the thread, 
and leave off’ touching the coating, it flies to my finger. 

454. All the difficulty arising from this expcrinn'iit is re- 
solved by supposing (whicli is the truth), that the electric 
atmosphere, which (while tlie charge is advancing) is excited 
from the coating m ii, bends its course, and actually extends 
itself to the air contiguous to the other surface oi’ the plati* ; 
hence both the coating p o,.and the tinted c f, being im- 
mersed in air actuated by the electric atmosphere from tlie 
opposite surface which is p:)sitively electrified, become eh'ctric* 
by deficiency ; therefore, the thread e f diverges fro a the 
coating. But when afterwards I oppose my hand to this thre ad 
e f, my hand also becomes electric by deficiency ; hcnc(‘ the 
homologous electricities of the coating p o, and of my hand, 
opposing the action of each otlier, the thread between them fails 
When I present my hand to the thread e f, and cease at the 
same time to touch the coating, then the thread e f runs to my 
hand; the reason oflhis is, that the natural fire w'hich is con- 
tinually driving from the coating to wliich the thread is 
annexed, runs, the other communication being now removed, 
to ray hand through that same thread. But when the charge 
comes afterwards to be completed, as no fire is any longer 
driven from p o, then, even though I cease to touch the coat- 
ing p o, the thread e f, the coating itself, And my hand, all 
remain electric by deficienc:y, though the continued action of 
the electric atmosphere of tjje other surface m n, which, as has 
been observed above, continues to bend its course, and to flowr 
to this surface p o. 

455, I demonstrate the truth of the above explanation by 
experimenting with the large plate A BC D (Bl. V. fig. 7.) I 
annex two stripes of gold leaf to the margin of its inferior coat- 
ing, and place them parallel, and near to each other ; I annex 
two other stripes to the same coating, and place them somewhat 
more advanced within the compass of it ; and tw’a others be 

at a stiil greater distance f rom the margin ; tliis infer or 



By Giambatista Beccarla. 


427 

coatinp: is then made to communicate with the ground, rand the 
upper coatiniv with the chain ; w'hcn I observe, I. Tljat in pro- 
portion as the charge advances, the electrosco]ies, or stripes, 
annexed to the*inferior coatinp^, *gradiia]Iy acquire some diver- 
gence ; but with tliis difTercnce between them, that those \vhie]\^ 
stand nearest to tlie margin of the coating, manifest first their 
divergence ; then those which follow tliein ; and last of all, the 
third siripes begin to manifest what small degree of divergence 
they may have acapiircd, II. The charge being completed, the 
greatest divergence still continues to take place in those stripes 
which stand nearest to the margin ; a less divergence obtains iii 
those stripes which have been placed in the middle; and the 
least divergence is manifested by the remotest stripes. III. All 
those stripes Ify from my linger, and thos(i which diverge least, 
increase their divergence when I ]>laee my little finger bettv cen 
them. IV. All fly from tfae f)iitsidc of a bottle inw’^ardly charged 
by excess. From hicts I therefore conclude, that all the 

stripes are electric by deficiency, as also is my finger (ihougli 
no doulit in a less degree than the above-mentioned bottle.) 
The reason is, hoih they and my lingc*r are imHiersed in an at- 
mosphere actuated from an excessive electricity, whicli, bending 
its course, flows to the inferior coaling to w hich those stripes 
are annexed, and introduces a greater or less degree of electri- 
city ir\o them, according as they are situated nearer to, or farther 
from, edge of the plate. Th.ai a body immersed in a given 
atmosphere acquires an electricity contrary to that by which 
this atmosphere is actuated, is wliat I think 1 luive demonstrated 
before, and w hat every body may easily ascc'rtain. Present ;i 
very fine tl#(?ad to the chain, and wdien it begins to move to- 
wards it, present your finger laterally to this thrc«'td, it w ill liy 
from your finger. 

455. Fifthly, We may conclude from llie above experiment ;, 
that/rom fio/lofv sur/aers iwperfurih/ closed, an. cli ci) icift/ icill he 
manifested, which wUl be Hess in proportion as ijioso sui faca are 
Jienrer ht‘in<r completely closed ; and in proportion as they change 
either to plane, or to convex, or to wore convtw, surfaces, an elec- 
tricity will be mflnif'esied around them in greater plenty ami 
augmented force ; this is, because^) proportion as the surface 
will be less hollow and closed, and will approach nearer to be- 
ing jilane, the reciprocal counteraction of tlic atmosphere actuated 
from difiereftt points of the surface, will lessen. But as atmos- 
pheres, as we have just now observed, act also very obliquely, 
and even so much so as to bend their course froFri the one side 
of a plate to the other, always preserving their property of ex- 
citing an electricity contrary to that by wdiich they w^ere 
actuated in the beginning, it hence follow^s that electrical atmo- 
spheres from plane surfaces, counteract each other in a less 
degree thah those which spring from concave surfaces, though 
in •a greater degree than Uiose wliicli spring from convex 
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surfaces ; so that an electricity that ruslies from an infinitely 
convex surface, that is, from a very sharp point, placed at a 
gnsat distance from any other .surface tliat may be animated 
with an electricity homologous to its own, will be counteracted 
Xhe least possible, will be thrown out with the greatest force, 
and will exhibit the brush or the little star. But of these im- 
portant conclusions, I only mean in this place to drop a seed, or 
hint ; let us for the present proceed to reap other fruits from our 
analysis of the electric well.* 

456*. Of such fruits or discoveries, the following is certainly a 
very valuable one, viz. that we have at length axcertaim d that, in 
pressing elect t icihft any excess of Jirc, any dcficienc.f of the sainCt 
any kind of electricity ^in short, is am fined to the free open surface 
Of bodt€*iy without in ike least diffusing itself into their substance. I 
say in pressing electricity, because wdth respect to the vivid elec- 
tricity of a spark, there is no doubt but tlie latter condensates 
itself for an instant within the pores of bof.Ves, and endeavours 
to break the cohesion of their solid parts. With regard to com- 
mon, pressing, electricity, if no electricity can by it be made to 
adhere to the wide cavity of an electric 7ve!l, how can we 
imagine that the electricity will better bfe^brought to adhere 
and be accumulated within the narrow’’ cavities of the in- 
ward pores of bodies? We cannot, it is true, suppose^ tliat 
within the substance of bodies there is any such m^jdium 
as air, by means of which opposite atmospheres wiay be 
actuated ; but yet, do not the solid particles that constitute 
the partitions betw^een the pores of such compact bodies, for 
instance gold, stand much closer to each other than do the solid 
particles of air ? Must not, therefore, the same counteraction 
and opposition take place between t!ie portions of electric fire 
didused within the pores of a piece of gold, as obtains, by 
means of the fire inherent in the substance of the air, between 
the homologous electricities that endeavour to accumulate them- 
selves within the cavity of the well ? • 

457. On this occasion I shall remind the reader of the obser- 
vations formerly related in page 76 of Artificial Electricity. A 
cube made only of gilt paper both attracts and gives sparks 
with the same degree of for^ as a similar cube of solid iron 
Here too comes in its proper place the experiment of Dr. 
Franklin, who saw an electneity exerted on the surface of a 
metalic chain, grow more vivid in proportion as a gl eater por- 
tion of the said chain was gradually made to gather within a 

** If tl»e reader entertains still auy doubt about Uw reality of the oblique notion ofelectrio 
Otwospheres, the following experimet will rejuove them. Let him place one of his hand' 
Open under the great condacter, with a thi'ead hanging from the middle of it; he will find 
that that this thread becomes electrified by deficiency, though the oblique action of the 
•tmoapliere of the conductor, as well as a finger of his other baud, exposed to. the direct ao* 

of this «dm9i»pheiv ; and, in ihot, if he presents that finger to the thread« the latter 
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tumbler. 1 have imitated the same experiment after another 
manner. I adapt fine and short threads to the body of a man> 
to his forehead, to his back, to {lis legs, to his arms. See. I bid 
him stand, with his arms and legs stretched as much as he can, 
on two insulating stools, and then give him a spark from ^ 
bottle strongly charged ; when I find that the threads immedi- 
ately diverge ; though most of all, those wdiich are least coun- 
teracted by the electricity of other adjacent parts. The man 
afterwards joins together both his legs on one stool, drops his 
arms, and at last gathers and folds his body in the same manner 
as tailors use to clo ; then the threads placed in those parts 
which are becoryic close to each other, fall down ; and those, on 
the contrary, which remain exposed to the free open air, in- 
crease their divergence. I repeat the experiment in a contrary 
manner, and give a spark to the man when he is thus gathered ; 
and as soon as he begins4o unfold and stretch himself, the di- 
vergence of the thr^ds in the open air lessens, and those situ- 
ated between joined parts of his body, acquire a divergence 
according as they gradually become separated from each other. 

458. If to these observations we add, that any spark, even 
the smallest, given to, or drawn from, a large conductor, always 
is seen to cause a sensible excess or deficiency in the threads, 
’thoualt ever so thin and comparatively small, that may be an- 
nexeU^Jo it ; that any electricity excited in one part of an exten- 
sive conductor by any kind of electric atmosphere, becomes 
manifested on the whole part of that conductor which is immer- 
sed in that atmosphere, and excites an equal, but contrary one, 
on that par^ of the same which is not immersed, then, we shall 
be convinced, that electricity does not diffuse itself into the sub- 
stance of bodies ; or, in other words, that the electrical fire is 
not condensated or dilated within the inward substance of elec- 
trified bodies. 

45<), But, lastly, if electricity did really penetrate into the 
inward substance of electrified bodies, surely when I lower the 
bucket into the electrified well, and make it touch the bottom, 
a part of the electricity which, in the case we suppose, is diffused 
within the cavity of it, would also diffuse itself into the bucket, 
and be manifested on it when 1 esftract it from the well ; now, 
wfc?en the operation is carefully made, the bucket constantly 
comes out pf the well without the least electricity. 

4(J0. Lastly, The same experiments explain the following pa- 
radox, viz. that the natural quantity of Jire coitlaincd within ir^ 
sutating bodies, is incredibly greater than the quantity contained 
in different bodies. This principle becomes farther confirmed, 
when we consider, that an hundred insulated men can scarcely 
supply the surface of a bottle with the necessary fire to charge 
it ^neither could they receive the whole quantity that escapes 
fsom the outside of the same bottle. The same thing obtains 
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also with regard to the discharging of the bottle ; an insulated 
man touches an hundred different times the coating of a charged 
bottle, the other coating of whioh communicates with the ground, 
and, though after every touch he takes care to dissipate the fire 
•Hhe has receix’ed (or to recover that which he has given,) he 
never has done exciting fresh sparks from the bottle ; whence I 
was induced to conclude that the bottle could give or receive 
more dre than an hundred men could receiv-'e from, or give to, 
it ; and, consequently, that the natural quantity of fire in an 
ordinary glass bottle exceeded that contained in an hundretl 
men. 

AGl. But though we have demonstrated this truth, tliat the 
natural (quantity of electric fire remains itnaliered within tlie 
sul^stance of deferent bodies, yet Ave have nowise demonstrated 
this, viz., that glass actually contain<j more fire than deferent 
bodies do. A man, for aught we know, may contain a very 
great quantity of electric fire ; this only is'asccrtaiiied, that he 
can give to tljc bottle no other fire than Avhat he can himself re- 
ceive from otbel bodies, or receive from the* same no more fire 
than he can transmit to *.<)ther bodies. rc’R])cct to the air 

around him, as the charge of that element can be but very 
ssniall, a man needs only receive a A’^ery small (juantity of c*loc- 
tricity from it, to exhaust it ; therefore, in this case likewise, he 
may actually contain a very great quantity of fire, th^'^gh he 
only gives to the air around him, or draw's from the' same, an 
exceeding small quantity- In ordt'r to be able to draw a great 
quantity of fire from the air, or give it to the same, a man must 
communicate with an extensive sy stent, from which he may 
draw', or to Avhich he may transmit, sucli fire. 

4-(r2, The above is the essential difference Itetw^'cen insvlating 
and deferent bodies. With respect to the Ibrmer, such is the 
consequence of their electrical impend r a OilUt/ ^ that great iiltera- 
tions in their electric fire may be introduced in their oytposite 
surfaces ; and such alterations are both equal to each other on 
the re.spectivc' surfaces on which they take place, and contrary ; 
but in bodies, no .such xdteration can be effected, on 

account of tiieir pencirab'dii^ ; though, for aught we know, the 
density cr* the fire in deferent bodies may very well be equal to 
the narural density of it in insulating bodies. ’ 

4C;i. I attempted to ascertain this by an imraeAiate experi- 
ment ; I insulated a wax candle a foot high, ten lines thick, on 
a glass candlestick ; I insulated a tube of glass above the candle, 
so that the flame entered it ; above the said tube I again insu 
lated, with its head dow’nwards, an alembic of brass, the neck 
of which Avas bent backwards and forwards several times ; yet 
out of several very fine threads which 1 annexed to that neck, 
’*^none manifested the least electricity, either w'hen the glass tube 
became deferent by its being heated till it grew red hot, < or 



431 


Descrtplion of a New Electro-Magnet. 

when the same afterwards cooled, and thereby recovered its in- 
sulating nature. 

464. Bpt, of all others, the following observation convinces 
me most of the above truth. A strong spark from an electric 
battery will vitrify nictalic particles, and thus in an instant froiq^ 
deferent render them insiilaLing ; yet no part of the spark is 
found afterwards to have remained adixed to these bodies ; for 
the deficiency that may have remained on the one side of the 
battery, after a discharge of the kind we mention, is found to 
be precisely e(|ual to the remnant of excess left on the opposite 
side. 


Jh'seripium of a New Pjfccin) Magnet. By J. P. Joule £sq>» 
Ilf a Letter to the Editor. 


Jhooiif. IIllJ, near Manchester, Ajlrll 30//t, 1841# 
My Dkar Sill, 

that part of my researches on Electro- Magnetic Forces” 
wliicV was jiublished in the “Annals” for September last, I proved 
th.it the maximum lifung power of the electro-magnet is pro- 
portional to the least transverse sectional area of the magnetic 
circuit ; and at the same lime I pointed out the method whereby 
a very gr^t magnetic attiMCtion could be produced between 
masses of iron of inconsiderable :»ixe. 

To illustrate iny views I made several electro-magnets, the 
relative and absolute powers of which were surprising and un- 
preeedenled. Two of them have been for a long time on 
exhibition at the “ Victoria (jIaUery.” 

Stimulated by niy success, some gentlemen of Manchester 
have constriieU^d electro- mag nets of a variety of forms, embody- 
ing the principle of a large sectional area. The great weight 
sustained by them is another pn»of of the correctness of rny 
views. — I cannot in this place enter into any lengthened dis- 
citssioii of them ; I will only observe that Mr. Radford has the 
merit of producing an arrangement which involves a curious 
princi]»)e of magnetic action^ and that Mr. Roberts has made a 
very pretty electro-magnet by planing groovoip into a flat plate 
of iron : — ‘his instrument consists virtually of a number of mine 
pl.'iced side by side. 

In the early part of January 1 devised an electro-magrict on 
an entirely new principle. In order to give a clear description, 
ot it, I >^ill with your permission avail myself rather extensively 
i^ftlie lithography whicli is so excellent a feature of your work 
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Fig^. li plate 6, ie a bird’s eye viewr of this magnetic with its 
appendages, b, b, are two rings of brass, each 12 inches in 
exterior diameter, two inches in breadth, and one inch in thick- 
ness I to each of these, pieces of iron are affixed by means of the 
^It-headed screws, a, &c. ; 24 of these, »i, m, &c., figs.’ 1 
and 2, are grooved and fastened to the upper ring ; 24, o, a, 
figs. 1 and S, are plain and affixed to the lower ring. 

A bundle,*^ (w, w, fig. 1,) consisting of sixteen copper wires 
i(each of which was sixteen feet long and one-twentieth of an 
nch thick,) covered with a double fold of thick cotton tape, 
was bent in a zig zag direction about the grooved pieces, m, m, 
&c., as seen in the figure. 

Fig. 4 represents the method which I adopted for the purjwjse 
of giving the elecfro-mag7/eiic ring a firm and equable suspen- 
sion. a, a, are hoops of wrought iron, to each of which four 
bars of the same metal are rivetted, and welded together at the 
other end into a very strong hook. The hdbps are bound down 
to the brass rings by means of co])per wires, c, c, &c. 

J Airanged sixteen of your cast iron pairsf (so valuable wliere 
a convenient and powei^ul battery is des-ited) into a series of 
four. The poles of the battery were connected by means of 
large strips of copper, with the magnetizing wires ; and a 
weight of 27l<ltt)8. was suspended from the armature w^ihout 
separating it from the electro-magnet. Theoretically, th4 max- 
imum power is 0*635 (the least sectional area) x X 280 = 
42671^8. ; and I have no doubt that by the use of some precau- 
tions which have occurred to me since making tlie above expe- 
riment, the actual power will be very considerably Augmented. 

The weight of the pieces of grooved iron is 7*02 Slbs., and 
that of the plain pieces 4*55lb.s. The power per lb. of mag- 
netized metal was therefore ^ ~ 234lbs. 

When the apparatus is in the position which is represented 
by figs, 1 and 4, it is evident that the zig-zag ring of iron is 
magnetized by the conducting wire in precisely the same man- 
ner as the plain ring r, fig. .5, w ould be by th^ passage of elec- 
tricity along the wire a*, sc, wtiicli is coiled upon it ; — wherever 
such a ring is cut, the display of maximum lifting power^ is 
proportional to the least transverse sectional area of the entire 
magnetic circuit. 

* My p^ian of covering a btindle of wires tvith iape hu been copied with sttooess by Mr. 
Beberts and Mr. fiadfoiHl. 

f I described fUese in Vol. b, p. 108. They oonhiet uf boxes one foot s<pxare, and one insb 
and a in interior width. W'ith the armugement of them described in the text, I have 
raeeetded in predueins a continued flame of eleotricHy one-eighth of an inch long; a strik. 
iHg divtaoct, which is, I believe, aitogclher unprecedented wJien four paii's only are in 
wma, 
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In the above poaition it is impossible to consider the instru- 
ment other than a single electro-magnet ; but when the arma- 
ture is turned so as to cause the plain pieces which are affixed 
to it to cover the grooves of {lie other pieces, it is converted 
into a compound electro-magnet, the lifting power of which.j 
have not yet ascertained. 

I remain, dear Sir, yours respectfully, 

J. P. JOULE, 


Sturffcanj Enif.jHot/al Victoria Gallery ^ 

Mamhestcr. * 


On the Anhydrmil^ Sulphate of Ammonia^ f Sul j^iat Ammon. J 
By Heinrich Kose. 

» 

(From FotjyendorfJ'n Annalen dvr Fhysik and Cficntic, So. 1, 1810, 

Whilst I was endeavouring to separate the excess of sul- 
phu'^c acid from a solntion of its combination with anhydrous 
sulphate of ammonia, (super sulphate of ammonia) by carbonate 
of barytes, I happened to obtain large crystals from the fluid 
separated from tlie sulphate and carbonate of barytes, 1 sup- 
posed these to be crystallized anhydrous sulphate of ammonia. 

As I hifd obtained only a small quantity of tlu’se crystals, I 
determined not to analyse tliein ; instead of which, I operated 
on the imperfectly crystaliized mass, which was Ibnncd by 
evaporation over sulphuric acid ; and obtained, at the same time, 
with those crystals. I found, in this mass, only (iTM"? percent, 
of sulphuric acid, instead of 70 03, wJiich, according to calcula- 
tion, are contained in anliydrous sulphate of ammonia.* 

Since that tiii^o, I have separated greater quantities of the 
free acid from the anhydrous super-sulphate of ammcuiia, and 
have obtained a greater abundance of the above-mentioned 
ci^stah : at the same time 1 enquired more accurately into the 
operation* of water on the anhydrous sulphate of ammonia, 
which had been prepared with particular care, and was com- 
pletely neutral. I also convinced myself, tljat. when from a 
solution of the acid compound, the excess of acid is separated hy 
means of carbonate of barytes, the remaining neutral solutitm 
contains neutral salts, as decidedly as they are contained hy a 
solution immediately farmed by anhydrous ammonia and pure 
sulphuric acid. 

* * roggendorrs Amialen, lid. XLVII, S. 474. 
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I have, also, by anew examination of the properties and com- 
position of neutral anhydrous sulphate of ammonia, discovered 
some facts, which will serve to complete those investigations 
whicli I have already made known in previous^ essays on this 
^ilt* 

The anhydrous sulphate of ammonia, I propose to name 
mlphat a7mnon. and one of the two salts which I have obtained 
from its aqueous solution, I shall, for the present, call parasnphat 
aitnnou, and the other ihdiqnifieni aalt ; but it is only provision- 
ally that 1 employ the terms snlp/int and para.sii/p/mi-amvion to 
those salts. I shall willing^ly withdraw tliesc terms, it the 
sagacious views of JJr. Kane, on the nature of ammonia, become 
more gencr.dJ}’' received ; according to which, ammonia is eon- 
skkred as an amide of* hydrogen. By this hypothesis, intleed, 
tliose phenomena whicli the eompeunds of anhydrous sulphuric 
acid with ammonia exhibit by reagents, can be more directly 
and satisfactorily exjdained than by any other. Notwithstand- 
ing, however, the iiumerous compounds ol* ammonia with oxy- 
acids and vrith water, may probably be better explainc.d by the 
tli<‘oretical views of Berzelius, according to which, these coin- 
juuukIs contain tlic oxide'of ammonium. This simple theory is 
jilausible, and extensive in its application, especially as these 
salts, in ])oint ol* comiiosition, are completely aaaU)gous;with 
salts containing other basis. 

I. — Nvulral Anhydrous Sutphalc of Ammon ia^ {Sulpha I- Anunon.') 

The principal properties of this compound I have already 
given in a former essay, in which I mentioned its behaviour 
w ith solutions of salts of barytes, with oxide of lead, strontia 
and lime, and also with chloride of platinum. Other reagents, 
which immediately iiidicate the presence of ammonia in a solu- 
tion of the oxide of ammonium, developtt that subsUince but very 
imperfectly in a solution of sulphal-ammon. For the purpose 
of ascertaining this ])oint w ith the greatest <lc*gree of accuracy, 
crpial parts, by weight, of very pure sulphai^aminoitt and of 
stdphate of oxide of ammonium, were each tlissolved in nine 
timers its weight of w'atcr, (wid both solutions tested with the 
sjune reagent. In a smaller proportion of water than hero rapn- 
tioned, the sulphat-amuion does not dissolve completely. 

On applying a solution of sulphate of alumina to the solu- 
tion of oxide of «m?nonium, a goad cfop of crystals of alum was 
immediately produced ; whilst a similar application to the 
solution of sulphat-ammon,fur a while appeared to have no sucli 
action ; though in time a small insignificant rpiantity of alum, 
cry stals became formed. A concentrated solution of racemic 


Aimalcn, Kd. XL VI I, £*.81. 



435 


By Heinrich Rose. 

ackl, which, for ammonia is a more delicate reagent than tlie 
tartaric acid, produced similar effects. But the precipitation, 
by this reagent, was much more considerable in the solution of 
sul[)hate of oxide of ammonia than in the solution of sulphat- 
ammon. 

A solution of carbazotic acid (Kohlenstickstoffsaiire) acted in 
a similar manner. It immediately occasioned copious precipi- 
tation in the solution of the sulphate of oxide of ammonium ; 
whereas in the solution of sulphat-ammon a longer time is re- 
quired to obtain even a very inferior degree of precipitation. 
1 have ascertained, moreover, that all reagents which separate 
ammonia from the solution of sulphate of oxide of ammonium, 
sejiarate it but very sparingly from solutions of sulphat-ammon. 

1'Iie sulphat-ammon appears to be aTliomogcnous unciystal- 
ized ])owdcr. Even ur^ler the microscope no trace of crystal- 
lization is percept^le amongst its minute particles, 'i hey are 
uniformly of the same kind, and perfectly homogenous. 

Like other pulverable bodies, the sulphat-ammon attracts 
humidity from the atmospheric air, wliich consequently adds to 
its weight : but this moisture may bf completely evaporated by 
means of a water bath witliout any eliange being produced in 
the^properties of the salt ; wliieh, by subscfjuent exposure to 
tile atmosphere again absorbs as nnieh water as before. 

I have, it is true, already made known the analysis of sul- 
phat-ammoii : but I found it necessary to repeat that analysis 
by a series of more instructive experiments, which I have had 
an opportunity of carrying on by operating on a considerable 
quantity of this salt in a state of great purity. But, as I have 
in another place more particularly statetl, it is very difficult to 
obtain the sulphat-ammon perfectly pure, in any considerable 
(]uantities. The best proof of its purity is that it not only 
reddens litmus paper very feebly, but even, afterwards, turns it 
somewhat blue. And although these effects are exceedingly 
feeble, it is, necessary to keep the salt in a well stoppetl bottle, 
which is well charged with aininoniacal gas. If litmus paper, 
which has been* moistened in an aqueous solution of sulphat- 
ammon, be dried in the air, it n»]detis ; which is a property in 
cpmmon with sulphate of oxide of ammonium, and almost all 

the ainmoniacal salts. 

• 

One hundred parts of sulphat-ammon were treated with a 
solution of chloride of barium ; the whole evaporated to dry- 
ness, and the dry mass brought to a glowing red heat. This was 
afterwards covered with a mixture ot hydrocidoric acid and 
water, which produced 203’7t37^I parts of sulphate of barytes.* 

* The author operates upon 1,35>9 grrn. of piilphat-ammon, and obtains 
2,851 gnn. of sulphate of barytes. : . 1,399 : 2,851 : : 100 : 203-7878 nearly. 
• — Tuans. 
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• 

It is only by these means that we can possibly convert the whole 
of the sulphuric acid into sulphate of barytes. Besides, it is 
obtained only by frequent hUerinp^, which is a tedious process. 
The sulphate of bar 3 'te 8 thus prbeured indicates 70*04 per cent, 
of sulphuric acid in the sulphat-afnmon, which agrees as nearly 
as possible with the formula s + ^ by which we calculate 
the contained sulphuric acid to be 70 03 per cent. This result 
is also confirmed by sev'^eral other analysis of sulphat-ammon. 

I r. — VarasuJphai^ Ammon, 

I have, provisional given this name to a remarkable salt, 
which, by concentration of an aqueous solution of sulphat-ani- 
moll, shoots into large ^well -formed crxrstals : and may likewise 
be obtained from a combination of sulphat-ammon with anhy- 
drous acid, by a method already meptioned. These are the 
crystals of this composition which my brother has descrilied at 
page 476 of the 47th vol, of these Annals — ^(PoggendorfPs.) 

These crystals ^are obtained by concentrating the solution by 
evaporation ; but this solution, like that of the sulphate of oxide 
of ammonium, becomes slightly acid by 1 dbg heating ; jitidthen 
contains a small portion of sulphuric acid, by which the pro- 
perties of this compound are prevented from being distinctly 
ascertained. It is therefore jutlicious to evaporate the solution 
over concentrated sulphuric acid in a vacuum. When fine well- 
formed crystals are wanted, the evaporation must proceed very 
slowly. 

By further evaporation of the mother liquor another salt is 
obtained, whose properties essentially differ from those of the 
former large crystals : but it is difficult to separate the one from 
the other, especially if a considerable portion of sul]4iat-ammon 
be not operated on. I bis salt attracts moisture from the atmos- 
phere, which is not the case with crystals of parasulphat-ammon, 
which, when perfectly dry, suffers no change by exposure to 
the air. 

The parasulphat-ammon is somewhat more goluble than sul- 
phat-ammon. Its solution is neutral to litmuspaper. It also 
remains neutral for a long tiilie, when care is taken to prevent 
its evaporation and crystallization. If, however, the salt be 
moistened with water, it shortly acquires the proper|-y of red- 
dening litmus paper. The solution has then also other proper- 
ties, and behavee to other reagents in a very different manner 
to the action shown by the unrnoistened salt. 

The acid reaction which this salt acquires by moisture may 
probably originate from the water having gxpelled some of the 
ammonia which would volatalize. It also appears that the car- 
bonic acid of the atmosphere has some influence in this busi- 
ness ; for when a solution of }>arasulphat-ummon is slowly 
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|K)ratecl in the cold over sulphuric acid, with excess of air, it, 
like the mother liquor, often becomes considerably acid, which 
is not the case when evaporated in a vacuum. 

When the crystals of this salt are obtained, no attempt must 
be made to cleanse them from the mother liquor by washinjr^ 
them with water. They are only to be dried with blotting 
paper. 

That which partially characterises parasulphat-ainmon, and 
distinguishes it from sulphat-ammon is, that the solution of its 
dry salt is not rendered turbid by the salts of barytes and of 
lead ; even when they remain together for a long time. This 
property is sometimes with difficulty observable, partly because 
the crystals may contain a portion of the mother liquor, from 
which they have been taken, and therefofe are impure by con- 
taining a deliquescent sa^t ; and partly because they have got 
moistened by exposure to tlie atmosphere for some time, which 
also communicates ^n impurity, and causes their solution to 
redden litmus paper. In both cases the solutions of the salts 
immediately produce precipitations of barytes Aiid of lead. 

If to the solution of parasulphat-ammon we put hydrochloric 
acid and a solution of the chloride of barium, the liquid con- 
.tinues perfectly clear for some considerable time. In about 
twelve hours, however, there forms in the solution a precipitate 
of sulphate of barytes : but this does not occur in the absence 
of the hydrochloric acid. 

In the property of not precipitating the solution of barytesin 
the cold, parasulphat-ommon is similar to the compound 
which Regnault obtained by saturating one of his discovered 

sulphates of chloride of sulphur, + 2S ( with 

anhydrous ammonia and which he regarded as a mixture of sal- 
ammoniac with a sulphamide ( 'g NH^. The solution of this 

mixture, according to Regnault, gives no cloudiness by adding 
solutions of barytic salts, even when permitted to remain long 
in contact. Regnault was unable, by crystallization, to sepa- 
rate the sulphamide from the sal-ammoniac. He remarks, more- 
over, that the compound which obtained very soon attracts 
mq^sture from the atmospheric aii', which, as has already been 
remarked, is not the case with crystals of parasulphat-ammon. 
Even sulpllat-ammon does not melt in the air. 

In this case also, the results of the analysis^ show, that the 
crystals cannot be regarded as an anhydrous sulfamide. 300 
parts of this salt were dissolved in water, and mixed with a so- 
lution of chloride of barium, and boiled. By boiling for some 
time there appeared a precipitate of the sulphate of barytes ; 
though ipuch slower and less significantly than that which 

•• Anaales de ChemiQ ot do Pbj^sique. T. bXIX. p« 17Q, 
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occurs under similar circumstances, with a solution of sulphat- 
ammon. The whole was evaporated to dryness : the residue 
lieated to an incipient redness, and treated with hydrochloric 
acid and water, left 5201-04-15 of sulphate of harytes. This 

is,equivalent to 70 per cent, of sulphuric acid in the com pouted. 

This result shows as nearly as possible that these crystals 
possess the same per centage composition as the anhydrous sul- 
phate of ammonia, or sulphat-animon. If, in an anhydrous 
sulfainide, the sulphur were completely converted into 

sulphuric acid ; we should obtain S3*0S per cent, of sulphuric 
acid from the sulfamide employed. 

One hundred parts of cr^’stal of parsulpbat-ammon, whicli 
had been prepared at another time, gave, by a similar treat- 
ment, 204'495t parts “of sulphate of barytes. This result 
answers to 70.29 pe** cent, of sulphuric, acid in the compound. 

If we regard my prepared crystals, on account of their simi- 
larity to Regnault's compound, as a sulfamide, it mu.st be looked 
upon as an hydrated sulfamide s N ^-p. H. Since, however, 
the existence of Hydrous amides has not yet been proved ; and 
in many respects appear even improbable,^ have named these 
ovyBidXs jjarasulphai’ammon, or par sulphammon ; because of their 
similar per centage composition to that of sulphat-amnion. . 

In the solution of parasulphat-aramon, the ammonia is still 
more imperfectly separated by reagents than in the solution of 
sulphat-ammon. In equally concentrated solutions (one part 
of the salt in nine parts of water,) a very concentrated solution 
of tartaric acid, even after being many days in die solution of 
parasulphat-ammon, shows no formation of supertartrate of 
ammonia; whilst in that of the sulphat-ammon, a precipitation, 
though not copiously, is brought on. A concentrated solution 
of racemic acid produces, although not immediately, but after 
some time, a very feeble precipitation of crystal in the solution 
of parasulphat-ammon : which are ever much move insignifi- 
cant than those which, under similar circumstances, are obtained 
in the solution of sulpliat- ammon. Solutions of chloride of pla- 
tidum, carbozetic acid, and sulphate of aluminaj^behave towards 
or operate upon, the solution tf parasulphat»4i Simon, as towards 
that of sulphat-ammon. ^ 

Little as is tlie indication of the presence of sulpjiuric acid 
in a solution of parasulphat-ammon, by treatment with solu- 
tions of the saltf! of barytes and of lead ; it is quite as little as 
might be expected, by solutions of the salts of strontia and of 
lime. 

• In the original the numbers arc 1,014 grm. and 2,005 gnn. Then 
1,014 : 2,065 : : 100 ; 204*043 nearly. 

f In the original the numbers arc 1,001 and 2,047, 1,001:2047 : ; 
100 ; ; 204*405 
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I have long doubted that <*rystals of parasiilphat-animon esscn- 
tially dillbr from snlphat-ainiiion ; any further than iliat of th(?ir 
rrvstalline forms. It is well known how diiliciilt it is to obtain 
perfectly aiihytkons suiphuric achl ; and if it contain only a trace 
of hydrated siiljihuric acid, a corresjionding trace of sulphate of 
ammonia is lormcd, by saturatir)ii with dry ammoniacal gas : ancl 
then the solution of barytes being so extremely sensible a reagent 
for sulplinric acid, it might easily occur that the solution of sul- 
phat-aminoii woiildbecome slightly preci])itatcd, in the cold, by the 
solution of barytes ; because ol its being imj)ure by the presence 
of tlie sulphate of oxide of ammonium. 

It is true, however, that the solution of parasiilphat-ammon, 
acts somewhat didcrontly to that of sulphat-ammon, towards solu- 
tions of barytes and lead, and other reagemls, such as the tartaric 
and rasoinic acids. The sulphat-ammon is, also, somewhat more 
di/Iicult ol dissolution tha^^ the parasulphat-ammon, and does not 
so easily acidify wh^i in a moist condition. But all these circum- 
stances are of too little importance to enable its to decide with cer- 
tainly, that the parasiilpliat* ammon difiers from sulphat-ammon, 
only as an isometeric substance. • 

I have been induced to form this ©pinion from the following 
fads. If to a cold solution of pure sulphat-aimnon a neutral so- 
lution of chloride of barium be added; where, of course, no Ivee 
acid IS supjiosed to exist, and sulphate of barytes be permitted to 
he completely precipitated : and in half an hour or aii hour after- 
wards we lilter the liquor, in a few hours more the clear liquid 
again becomes troubled, and sulphate of barytes begins to fall 
down : and this takes place oven after other liltralioiis of the trou- 
bled liquid? This is not the case with a solution of jiarasulphat- 
aminoii, which will remain clear in the cold for many months, if 
no free acid be added. In these experiments equal weights of 
hotli isoinctrical suhstania’s were dissolved in similar quantities of 
water, and treated with the same quantity of the solution of chlo- 
ride of barium. 

I consider tHese difTercnt attributes to indicate an essential dif- 
ference between these substances : and the following scries of ex- 
periments are als» pcri'ectly decisive on this point. 

One hundred parts of very pure #ulphat-ainmon weighed 97*0^ 
pa);ts after drying in a water bath. This salt was then dissolved in 
cold water, without any' acid, and mixed with a cold solution of 
chloride of^barium. An hour after mixing, the sulphate of barytes 
was separated by the filter and washed with cold water, but towards 
the end, with warm water. It amounted to 51^1 parts:!' ans- 
wering to IS* 1C per cent of sulphuric acid. To the filtered solu- 

* In the original the numbers arc 1,516 grm. and 1,481 gvm,/ thcroforo 
1*516 : 1*481 : : 100 : 07*9 nearly, 

^ f Original is 0*784 grm* 
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tion, hydrochloric acid was added, and then evaporated to dryness. 
The dry residue slightly heated, treated with water and hydrochlo- 
ric acid, gave 13 7&* of sulphate of barytes; which answers to 
51*16 per cent, of sulphuric acid.« The tpiantity of. sulphuric acid 
contained in this substance amounts to 69*32 per cent, wliicli, by 
calculation, is very near the quantity contained in sulpbat-ammon. 

Suppose, now, that the 18*16 per cent, of snlpburic acid is pre- 
cipitated in the cold, to be derived from an admixture ol suTpliate 
of ammonia with sulpbat-ammon, they would answer, or be equi- 
valent to 30 01 per cent, of sulphate of ammonia. The 5 1*16 per 
cent, of sulphuric acid obtained by evaporation, indicates 73*05 
per cent, of sulphat-umraon ; which gi\’es an excess of 3*06 per 
cent, which the analysis does not admit of. 

There are two additional experimental enquiries which hare 
shown ibe decided difference between sulphat-ammon and parasul- 
pbat amnion. l(K) partst of the same krnd of sulpbat-ammon as 
that before operated on, and corresponding to 97*93 parts J of dried 
sulpbat-ammon, were dissolved cold with a solution of chloride of 
barium, gave 63*84 § of sulphate of barytes; which, in half an 
hour after precipitation, was separated by the filter ; and answers 
to 22'4 1 per cent, of sulphitric acid in the sSt. In another expe- 
riment the sulphate of barytes was separated an hour after the pre- 
cipitation, and gave 23*49 per cent of suljihuric acid. In nejiher 
of the above experiments was the quantity of sulphate of barytes 
ascertained. 

It is obvious, however, that the quantities of sulphuric acid, 
when precipitated in tlie cold, may differ very considerably. The 
quantity of sulphate of barytes obtained in the cold by^^a solution 
of the chloride of barium, depends upon the quantity of water in 
which the sulphat-ammou is dissolved, tlie concentration of the 
solution of chloride of barium, and also upon the time of standing 
before filtration. 

Were we to suppose, that in the last described experiment, 
the sulphuric acid precipitated in the cold is derived from the 
sulphate of oxide of ammonium, there would arise greater con- 
tradictions than would attend the results of the first-mentioned 
analysis; for 22*41 parts of sulphuric acid whttld conrestxmd 
to 37*03 parts of sulphate ofi. oxide of amraoninm. The dif- 
ferent analyses ot the sulphat-ammon having constantly givfn 
70*03 per cent., or very nearly of sulphuric acid, there wotdd 
l)e obtained by further treatment 47*62 per cent, eff^tbe same 
acid. Which corresponds to 68 parts of the sulphat of ammon* 


^ Original is 2*209 gnn. 
f Original is l’66i5 grm. 
^ Original is 1*630 gnu. 
If Original Is 1*063 grm% 
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In this case, liowever, the quantities of sulphate of oxide of 
ammonium, and of the sulphat-ammon would amount to 105*03 
per cent., and thus the analysis would indicate 5*03 per cent* 
in excess. * • 

By the preceding examination of the sulphat-aminon, in the 
cold, 23*4f) per cent, of siilpluiric acid were obtained. If these, 
yield 38*81 parts of sulphate of oxide of ammonium ; and if, 
46*5 1 parts of sulphuric acid, obtained by evaporation, answer 
to 66-46 parts of sii.^iihat-ammon, the analysis would have given 
5-27 per cent, of ex:cess. 


JDcliquesccnl Salt, 

• 

Tins salt, as has^l ready been remarked, is contained in the 
mother-liquor from which the parasulphat-ammon has been 
obtained by crystallization. If we evaporate this to dryness 
over sulphuric acid in a vacuum, wc obtain imperfect crystals, 
or only papillary crystallized crustsf which, in time, attract 
moisture from the air, and eventually deliquesce. 

* It*is very difficult to obtain this salt perfectly free from 
parasulphat-ammon. It is, indeed, more soluble, although the 
parasulphat is not very difficultly soluble, which makes it 
impossible to separate them when small quantities are operated 
on. By operating on larger quantities 1 have accomplished 
their separation. In this case I permitted the mass, which was 
obtained from the mother-liquor when evaporated to dryness 
over concentrated sulphuric acid in vacuo, to partly deliquesce 
in the atmosphere, or by adding a few drops of water to it. I 
then evaporated the .small portion of dissolved salt to dryness 
as before, and afterwards analysed it. 

When this salt contains parasulphat-ammon, and is slowly 
evaporated over sulphuric acid in the open air, the moist 
crystals very really' become acid. We must therefore pick out 
the crystals of paras^ulphat-aramojpi as much as possible from the 
dri^d mass : the d<; 5 lique 3 cent salt must then be dissolved in 
water, and add ca rbonate of barytes to saturate the free acid, 
and again %v|ipora^te over sulphuric acid in vacuo. 

This salt cryst.allizes so very imperfectly,* that one cannot 
ascertain the cry stalline forms — ^they are usually mere crusts ; 
and any crystal- 3 which one observes with bright faces, are 
parasulphaUami non. 

The solution of this salt precipitates solutions of barytes 
immediately ; l jut, ^ also happens with tlte Isolutiua of swiphat- 
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ammon, the whole of the sulphuric acid is not precipitated in the 
state of sulphate of barytes. When hydrochloric acid is added 
to the solution, more of the sulphate of barytes is precipitated 
in the cold than without the &cid. A solution of chloride of 
strontium produces no immediate precipitation in solutions of 
tfcs salt unless very concentrated . in w'hich case, a very prompt 
precipitation appears. This fact distin;:^uishes it from sulphat- 
ammon. If equal quantities of both salts be dissolved in equal 
quantities of water, neither of the solutions are precipitated by a 
dilute solution of the salts of strontia : but after standinj^ for 
some time, that re-ag-ent, if not too dilute, causes precipitation 
in the solution of the deliquescent salt, whilst that of sulphat- 
ammon remains clear. 

A solution of acetate of lead precipitates the solution of the 
deliquescent salt in the same manner as that of sulpliat-ammon. 
A solution of chloride of calcium doe9>not affect either of these 
solutions. 

Solutions of chloride of platinum, sulphate of alumina, tartaric 
acid, racemic aqid, and carbazotic acid behave towards a solu- 
tion of deliquescent salt a^s towards one <^*sulphat-ammon. 

It is difficult to prevent the solution of this salt from reacting 
as a feeble acid on litmus paper : but tills reaction is very insig- 
nificant when the salt is well prepared. 

The salt which was prepared in vacuo was afterwards dried 
on a water bath until it ceased to lose any more weight. One 
hundred parts of this dried salt dissolved in water, mixed with 
a solution of the chloride of barium, and permitted to stand 
for twenty-four hours in the cold, gave 20-42 parts of sulphate 
of barytes. Hydrochloric acid being added to the filtered 
solution, it was afterwards evaporated to dryness, and the residue 
heated with hydrochloric acid. The quantity of sulphate of 
bartyes now precipitated was 166*18 parts. The quantity of 
sulphate of bartyes, precipitated in the cold amounts to scarcely 
one-eighth of that which was obtained by thefofmer operation. 
Both quantities gave 64-14 per cent, of sulphuric acid in this 
salt. This answers nearly to a compound of anhydrous sulphate 
of oxide of ammonium, with i an atom of water combined, 
which by the formula s x f h contains in a hundred p^ts. 


Sulphuric acid 64493* 

Ammonia 27*79. 

Water...!* 7 * 28 . 


100 - 00 . 


By a repetition of this experiment with a small portion of 
this salt, obtained at another time, from a s olution of pu|re 
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sulpliat-ammon, I got in the cold from 100 parts, by adding 
hydrochloric acid and chloride of barium, 10()*0G parts of 
sulphate of barytes : and thew residue, after evaporating to 
dryness and again treating it with hydrochloric acid, yielded 
84*62 parts more of the sulphate of barytes. We se(!, frorti 
these results, that more sulphuric acid is ]irecipitated from this 
salt in the cold when mixed with hydrochloric acid than when 
this acid is not the used. 

Both quantities of sulphate of barytes indicate 65*54 per 
cent, of sulphuric acid in the salt. The small excess is 
obviously derived from some small portion of parasul]>hat-. 
ammon contained in the salt, in consequence of its being 
obtained from only a small quantity of sulphat-ammon. 

When I prepared the crystals of parasulphat-ammon the first 
time, having obtained hut a small portion, I resolved not to 
analyse theqi, but ^ examine the incomplete crystalline mass 
obtained by evaporating to dryness, which must consist of a 
mixture of deliquescent salt and parasulphat-ammon* The 
investigation has confirmed, this fact, as I Have found only 
67*47 per cent, of sulphuric acid in the mixed substance. 

The hydrous sulphat-ammon is quite analogous to a salt 
.which I discovered whilst examining the compounds of carbonic 
acid and ammonia,t and which consists of anhydrous carbonate 
of ammonia, with half an atom of water, necessary to convert 
the ammonium into oxide of ammonium. We may take the 
same view of the hydrous sulphat-ammon ; and also with a 
compound^ of sulphat-ammon with sulphate of the oxide of 
ammonium S ^ 5P+ S ^ The salt may, perhaps, be 

formed by saturating the first hydrate of sulphuric acid 
H contained in the Nordhausen oil of vitriol with dry 
ammonical gas. 

The deliquescent salt, without doubt, originates in the 
parasulphat-ammon when dissolved in water, and permitted to 
remain for some time in contact with it. Very pure crystals of 
parasulphat-amnmn, which aie entirely free from deliquescent 
salt, if dissolved in water, and evaporated over sulphuric 
acid in vacuo, will always yieldP a considerable quantity of 
deliquescent salt among the crystals of parasulphat-ammon. 

As the crystals of parasulphat-ammon become acid by long 
exposure to damp atmospheric air, it appeared to me of some 
interest to inquire into the nature of the chatige which they 
suffer. Selected pure crystals were reduced to a powder, and 
moistened some hours, by which treatment the salt acquired an 
acid reaction. It was then perfectly dried in a water bath 


m 


* PoggendorfTs Annalon, Bd, XLVII, 8, 474 
t Ibid, BXXX^VI, 8, 373, 
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One hundred parts of the dried salt were dissolved in ookl 
water. The s^ution reddened litmus paper, but not very 
strongly : and gave a prccipitate^witli a solution of chloride of 
barium. By the method often hitherto described, I obtained 
19^*19 parts of sulphate of barytes, which is equivalent to 
()8*13 per cent, of sulphuric acid in the salt. Jt appears from 
this result, that the parasulphat-auimon, by moistening with 
water, becomes partially converted into the deliquescent salt. 
The acid reaction arises from the presence of free liycirate of 
sulphuric acid; 

It results from these investigations, that although sulphat- 
ammon appears to dissolve in water without suffering decom- 
]>o&ition, yet, when tlie solution is brought to crystallization, 
the obtained crystals, notwithstanding their similarity of 
composition with those of sulphat-aimnon, /lo possess many 
properties which it does not exhibit. Itl the solution of sulphat- 
amrnon, the constituents of tlie water are more easily combined 
w ith it by the opelation of some rc-ageiits, and the compound 
thus becomes changed more readily. This is the case with the 
crystallized sulphat-ammon, or the parasulphat-ainmon which 
w'ithstand more powerfully the operation of such re-agents. 
The conditions of sulphat-ammon and parasulphat-ammon may 
be compared with the vitrious and crystalline conditions of 
certain bodies, in w hich different, properties are exhibited, not- 
w thstanding their solutions shew no such a difference of modi- 
fication as those of anhydrous sulphate of jimmoJiia. 

The combinations of anlij’^drous sulphuric acid w ith Ammonia, 
may, according to Dr. Kane’s view's, be considered as a hydrate 
of sulphuric acid ; by supposing the ammonia as an amide of 
hydrogen, and tliat amide to combine in .a similar manner with 
other bodies, such as oxygen and clilorine: w'ith which the 
amide of hydrogen becomes a body analagous to the oxide and 
chloride of hydrogen. When, however, sulphuric acid is com- 
bined with water, or other oxybases, it may possess very dif- 
ferent properties to those which it exhibits whci\, combined with 
an amide of hydrogen. We have, in fact, recently become 
acquainted with a great number of cases in which the sulphuric 
acid, when combined with certain substances, as for examples, 
with the oxide ol ethule, and other btxUes of organic origin, 
loses some of those properties by which We were previously 
habituated to characterize it: especially that of forming an 
insoluble precipitate with solutions of sjilts of barytes. 

Hypothetical as this view may be, the explanation which Dr. 
Kane gives of the compounds of ammonia with hydrous oxiacids 
is equally so. It is well known that Bereelus considers these 
salts as an oxide of ammonium ; and by this view, the analogy 
of them with those formed with other oxybases is maintained 
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as is also the isomorphism of some salts of potash and of oxide 
of ammonium : which hypothesis became rapidly and almost 
universally adopted. But upon Dr. Kane’s hypothesis, this 
numerous class of ammonical salts consists of combinations of 
acids with two bases, the oxi<le and the amide of hydrogan : 
and the sulphate of the oxide o( ammonium will, accordingly 
with this hypothesis, become analogous to several sulphates, 
wliich, at higher temperatures, retain one atom of water. But 
the direct analogy and isomorphism of these ammonical salts, 
with the salts of potash, insteatl of being supported, will, ac- 
conling to Dr. Kjine’s views, be thrown into the back ground. 
Graham also explains them as a proper acknowledgment of the 
theory of Kane, and upon similar grounds, of the views of 
'ilerzelius.* , 

I will now make a few remarks on the analogy of the com- 
pounds of sulphuric ac’td with ammonia, and of bicarburetted 
hydrogen, (Elayl^or Atherol of Berzelius) which was pointed 
out, by l^umas, a long time ago.f The elayl and the ammo- 
nium, when combined with hydrogen, one the hypothetical 
radicals, a‘thyle . the other no less hypothetical radical, ammo- 
nium. Botli radicals may be combined with sulphur, chlorine, 
bromine, and iodine. VVhen united wuth the elements of water, 
oiitt yields the base, oxide of tctliyle ; the other the base, the 
oxide of ammonium. Both bases unite with anhydrous oxy- 
acids. Moreover, bicarburetted hydrogen, as well as ammoni.a, 
ctMubine dir cell tf Aviili anhydrous sulphuric acid, ’J'his acid will 
also combine with oxide of jethylc ; which compound is fountl 
in ilui su^pho -tartaric acid, and in its salts : also in oxitle of 
ammonium. The siilpiinric acid also forms compounds with 
clay], or ratlicr witli a*tlierol ; as well as w ith ammonia, which 
contain so much water or its elements, that only one half of 
the bicarburetted hydrogen and the ammonia can be converted 
into the* oxide of a-tliyle, or the oxide of amnioninm. I'lie 
former compound is the oil of wine (sulphate of the oxide of 
aethyle — tvtherol:) the latter the deliquescent salt, retained in 
the mother- water from which the parasulphate-ammon has been 
separated by ci'y stall izatioii. 

From these comparisons, how#ver, we arc not to place much 
importance ; for they refer oidy to a certain analogy in the 
composition, which itself may be regarded as a remote one : 
because bicarburetted hydrogen and ammonia differ with respect 
to their number of elements. Still less will^this comparison 
hold good by referring to the very different properties of those 
substances, which at no time have even a remote resemblance 
of eaph other. 

Elements of Chemistry, by Thomas Graham, p. 417* 

^ * I*oggendorfl‘’s Annalen, Bd. Xbtl. S. 452, 
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On Aimospltcrical Ehcfric AppnrahtSf and Experiments, By 
W. H. Wekks, Esq., Surgeon, Lecturer on Philosophical 
anti Operative Chemistry, &c., described in .a Letter to 
the Editor. 


High-street, Sandwich, 15/A Map, 1841. 


My. Dear Sir, 

The ]ihcnomena originating in that peculiar property of 
electricity, denominated the lateral explosion, as no one can be 
better aware than 3 'oiirself, have, from the time of the ]>hiloso- 
phical Priestly, down to tlie present brilliant period in th^ 
history of this important science, occasionally commanded the 
attention of its most eminent professors. This subject, ever of 
the highest order, in reference to the grand practical operation 
of Franklin, lias recently attained an accession of interest from 
the laudable design manifested with a view to tbe protection of 
the British nav^s tbe adoption of a system of marine lightning 
conductors ; and, I assurh you, it is y#th feelings of great 
satisfaction that I have w itnessed the distinguished position you 
have taken and maintained on the field of controversy, in which 
the electricians of all countries have, from the vital interesi; of 
the inquiry, been more or less induced to engage. My senti- 
mentsas well as my individual share of past experience, in relation 
to such practical facts as tend most directly to elucidate the 
extreme danger of lateral discharges frtnn lightning rods, when 
placed in vicinal situations w ith combustible bodiesi. or sub- 
stances possessing even a very moderate capability of ignition, 
must be already tolerably familiar to you, from the occasional — 
and to me gratifying — correspondence of the last two or three 
years ; but I am now bound to tender you my especial thanks 
ibr having, by your letters of the JJOth March, and 19 th April 
current, renewed my attention to tbe subject ; ancj at the same 
time, suggested an experiment of a most decided character, 
through the instrumentality of my atmospheric apparatus, very 
briefly described at p. Sp, vol 6, of the AnnaU of Electricity, 
Magnetism, and Chemistry.” 

In your communication of the 1 pth ultimo, you have moiit 
philosophically remarked, that ** although yve frequently employ 
an extensivtj coated surface of glass to mimic some of the 
effects ol* lightnyig, that apparatus is very far from being 
imitative of a cloud floating in the air : neither is its electric 
condition, wdien charged, any thing like that of a highly 
charged cloud. The electric condition of an extended wire in 
the atmosphere, either by means of a kite, or in the manner of 
your apjmratus, is the nearest to that of a cloud, that. we can 
arrive at artificially ; unless indeed, we could, elevate an, 
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enormous coated balloon to a great height/’ Since the re*« 
organization of my atmospheric machinery, which, as you have 
previously understood, encountered very serious derangement 
from the trem’endous gales of* the late winter, every day’s 
experience has tended to confirm the truth of your observations^ 
Having, in the early part of the present month, completed my 
aerial arrangements, and brought the apparatus into an ex- 
tremely dc'licate state of insulation, I soon found that even the 
j>assage of a very moderate current of electricity from the 
terminus to the lower ball in connexion with the ground, was 
sufficient to produce a laternal spark, when a third ball, as sug- 
gested by yourself, 'was presented to the one intermediate and 
uninsulated ; and this occurred not only when ordinary modifi- 
cations of cloud were in progress over th§ line of wire, but also 
during the continuance of a transparent blue sky, accompanied 
by a moderate breeze Iroiri the eastward^ a condition of atmos- 
phere which never ^ils to induce an electric current from the 
w-ire, attended by sparks, a pungent pricking sensation to the 
skin of the hands, and smart occasional shocks to the unguarded 
operator. It was, however, reserved for the concentrated 
energies of a magnificent thunder-cl#ud advancing over the 
line of our atmospheric arrangements, about noon on Sunday 
the f)th instant., to crowm the evidence of this experimental 
series. From the cloud before mentioned, proceeded, during 
nearly an hour, not only the ordinary winged messen- 
gers of the storm, but co])ious showers of rain, and an 
almost continuous violent discharge of immense hail-stones, 
many of which measured seven-tenths of an inch diameter. 
At seventeen minutes past twelve at noon, the prelude 
to the approaching electrical drama was announced in the 
usual manner, from a sudden commotion raised by a series 
of chimes, purjiosely connected with the in-door apparatic 
appendages. 

If I remember correctly, I have .already, in a hasty notice 
despatched to you, within some few hours after the event, 
briefly alluded to the general phenomena attendant on this 
splendid scene ; ^he principal features of which I am now 
anxious to communicate to you more in detail. Such, however, 
would be the imperfection of lan^age in this instance, as on 
marfy other occasions, that I must solicit the favour of your 
attention io4he accompanying sketch in pencil, which rude as it is 
in point of drawing, will prove a volume of illustration compared 
with the best efforts of my pen. The sketch ini question, (see 
plate vii.) represents on the right-hand, a section of the end wall 
of a building employed for the general purposes of a laboratory. 
Proceeding from this towards the left-hand, I have endeavoured 
to pourtray an idea of the local positions directly presented to 
the eye ofi an observer^ and which occur at right angles with 
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the wall in section before mentioned. The subjoined references 
will, T trust, now suj>ply all the information incident to our 
purpose. , 

In plate vii. a h represents a post about twelve feet in height, 
placed outside the building, four feet from the window to 
which it is directly opposed. 

c d An iron rod, three-eiglits of an inch in diameter, de- 
scending from the top of tlie post to which it is affixed, and 
penetrating one foot into the ground. 

c A brass knob providing the means of escape for super- 
abundant fluid, which it attracts from tht‘ insulated funnel c, 
and conducts down the safety-rod c d into the earth. 

f A mid- wire descending from the insulated horizontal line \ 
which line extends about three hundred and sixty-five yards 
between the two principal spires of tlie town. This descending 
wire brings down the fluid from the hoAzontal line to the 
funnel e. 

(f An intermediate w ire helix connecting the insulated funnels 
c and lu « 

i k A strong tube of glass passing, at an angle of forty-five 
degrees, through the main post, or w'ooden upright of the «labo- 
ratory window-frame. Within this tube is concentrically insu- 
lated a stout wire of brass, completing the connexion between 
the funnel h and a large ball / ,* thus forming a terminus to the 
horizontal exploring wire. 

m n A gun-barrel conductor passing horizontally' outw'ards 
through the wooden npw right of windovv-fraine before men- 
tioned. Into the open end m of this gun-barrel, the right 
anglcxl shank of the ball o is ortlinarily inserted, and by this 
means the electric curient proceeding from the terminus I 
(when not c;therwise directed), is securely conducted by an 
iron rod ?i p beneath the surface of tlie ground, where a me- 
tallic connexion is found with a "well on a distant part of the 
premises. The ball o derives both horizontal and vertical 
motion, occasionally, from an in&nlating hanUle and other ap- 
pendages not necessarily inckided in the accompanying sketch. 

g T s i u Shew the position of a broad shelf, placed eight Veet 
from the ground, and extending the entire length a wall at 
right angles with the right-hand sectional view. Upon this 
fihclf are placecbnuraerous articles of apparatus, many of which 
are W'holly of metal, and others have metallic mountings. 

rvrv An hydraulic pump, supplying water for general pur- 
poses of the laboratory ; the handle, crank and fitting^rod 
composed, as usual, of wrought iron ; the spout w, with the 
pump-head from which it proceeds, and also the * adjoining 
cistern being of thick milled lead. 
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X An iron nail about three inches in length, used to secure 
the vertical shifting joint formed by the extremities of the 
pump-handle and crank communicating with the lifting-rod. 

y k brass ball about two and a half inches diameter, from 
which proceeds a rod terminating in an open ring at the oppo- 
site end ; this rod obtains vertical motion from a pivot connect- 
ing it with the brass pillar and foot-stand z / the latter having free 
communication with the earth through the medium of a stout 
copper wire descending from the table upon which the stand is 
placed. 

To the extremity of the rod communicating with the ball y 
is affixed one end of a copper wire, one-sixteenth of an inch in 
thickness, and seventeen feety five inches In length; the other end 
of the said wire being wound in a loose coil round the iron nail 
.T which, as before rcin;y.*ked, secures the vertical joint formed 
between the cranl^.and liandle of the water pump. The inter- 
mediate portion of copper wire forming several convolutions, 
<Iepends at liberty, touching in various points the floor of the 
laboratory, and this floor is itself composed ol^ materials consti- 
tuting one of the best possible coiiducting mediums to the 
earth. A second wire ( proceeds from that last described to a 
metallic disc, one foot in diameter, placed upon the shelf before 
mentioned ; while a third wire .v connects the iron handle of the 
pump with a brass ball and wire projecting from the summit of 
a turned pillar and foot-stand of mahogany wood. I now 
venture to pursuade myself that you will experience no diffi- 
culty in comprehending a clear outline of my arrangements as 
they existed within some two or three minutes after the coni- 
inencement of tlio storm. 

The ball o having been removed from its usual position, and 
that marked y brought within striking distance of the terminus /,- 
imagine a rain and hail storm of the most tremendous character, 
in full operation to the extent of several hundred yards around ; 
with a succession of lightning flashes at short intervals, and the 
reverbrating peals of somewhat distant thunder fast nearing the 
immediate seen® of our operations. Conclude further, that the 
balls y and I are separated to a c^tance of three and a quarter 
in^'hes, and tliat in the next instant a mighty torrent of dense 
sparks, so vivid as to dazzle the eye of the observer, attended 
by conterftporaneous stunning reports, and fraught with an 
unusual intensity, rushes from the terminus to the ball in com- 
munication with the earth. At the same identical moment a 
furious current of lateral sparks takes place between the wire 
and the leaden spout w ; others are seen in like activity passing 
from the wires s and t to different parts of the shelf ^ r s t n, anti 
the several articles of apparatus in their vicinity ; while on the 
out-side*of the building a brilliant zig-zag flash plays uninter- 
ruptedly between the insulated funnel e and the ball of the 
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safety-rod c d* But now comes to be described the most re- 
splendent feature of the scene before us ; the iron nail, servings 
to connect the pump machinery, suddenly exhibits the appear- 
ance of a magnificent fire-worR, the splendour^ of which is 
repeatedly enhanced, as waves of electric fluid rush through the 
arrangement in obedience to each successive lighting flash from 
the storm cloud ; and this sublime scene, with short intervals of 
lesser energy in the electric current, continues through the 
space of one hour and sixteen minutes. The combustion of 
the iron nail forcibly reminded me of the appearance which 
that metal exhibits when burnt in oxygen gas, or, ratlier, when 
brought under influence of the oxy-hydrogen blowpipe ; though 
the phenomenon was accompanied by a deep red kind of light 
which does not belong^ to either of these comparisons. Per- 
ceiving that the nail was at times in a state of actual combustion, 
I was induced repeatedly to hokl a, sheet of w»riting-paper 
beneath it, at a distance of some five or six iiy^hes, and from the 
subsequent application of a pocket microscope, I found the 
paper thickly strewed with minute globules of the fused metal, 
mixed with irregular particles of an oxide previously coating 
the nail. This remarkabl 2 phenomenolf, arising partly, as I 
conceive, from the loose connexion betwt'en the wire coil and the 
nail, and partly from the ragged and asperons condition of the 
wire towards its termination, would appear to be very materially 
allied to the nature ot the second kind of lateral discharge, 
noticed in your Fourth Memoir; p. 174, vol. iV., '^Annals of 
Electricity, Magnetism, and Chemistry.'* 

While the scene first mentioned was passing in full splendour, 

I employed myself, by means of a brass ball mounted on a rod 
of the same metal, about five feet long, in drawing lateral 
sparks from every part of the copper wire in its course from the 
stand z to the nail x ; and, in like manner, from the handle and 
every part of the iron and lead work connected wdth the water- 
pump ; strong sparks were also elicited from the metallic disc, 
and the brass wire and ball to which the respective wires s and 
t had been affixed; in .short, there was no metallic body in 
contact or communication with the main wire^passing across 
the laboratory, from which sparks were not copiously drawn ; 
and in many instances these sharks were followed by shocks 
which I venture to predict few inexperienced operators woufd 
decide on provoking a second time, if left the liberty f}f choice. 
An interesting and intelligent little girl about fourteen years of 
age, and who is> in the habit of witnessing scenes of this 
description, while handing to me some articles of apparatus 
incident to my purpose, accidentally trod upon the wire, and 
such was the severity of the lateral shock thereby incurred, 
that she was sent reeling across the laboratory. 

Notwithstanding the severity of the hail storm, I was in- 
duced, about the time of its greatest vigour, to affix a coppey^ 
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wire to the safety-rod c d, outside the building ; and this wire 
trailing upon the ground, was carried over an adjoining garden 
lo the length of eightg-scven feet, and the lateral spark was readily 
obtained from every part of it, >frhen a brass ball, two inches 
in diameter, was suddenly presented. From the safety-rod, 
c df and the gun-barrel conductor ni n, and also the iron rod 
n p, when the ball o was returned to its usual situation, dense 
sparks in a continuous volley, notwithstanding the ground had 
had become very wet, were sent off to the ball and wire held in 
my hand ; but this latter experiment I soon felt disposeil to 
relinquish in consequence of the severe shocks incurred by the 
o[)eration. 

To you, who have for so many years laboured in the field of 
electrical science, and that, too, with a measure of success not 
often equalled, it would be more than ordinarily superfiuous to 
offer any comments on ^the preceding statement. I have 
aimed at nothing bijt the communication of facts, which I am 
bold to say liave not in a solitary instance received the aid of 
factitious colouring, but that, rather, in this this respect, I have 
fallen short of* actual experience. It may, perliaps, be useless 
to add that I am not only confident, b^it I think it is clearly 
obvious, that combustible substances might liave been readily 
igpited by the lateral discharge from every part of my arrange- 
inent8,*had time and circumstances permitted the trial. The 
inference, I presumo, must therefore be conspicuous to the 
minds of all unprejudiced lovers of scientific enquiry ; and, I 
trust, in the relation existing between principle and appUance, 
not less so to every pliilantrophic lover of his species. 

• 1 am, my dear Sir, 

Sincerely yours, 

W. H. WEEKES. 

To W. Sturgeon, Esq. 


On the Prevention^qf Damage by Lightning. In a Letter from 
Mf. B. Cook, to Mr^ Nicholson.* 

My ^ear Sir, 

I have read with much concern almost every week for some 
time past accounts of some damage of one kind *or other done 
to buildings, trees, and cattle, or in the loss of lives by light- 
ning ; indeed every year this country suffers very much, either 
by the destruction of tress, houses, and cattle, and what is far 
more distressing, the loss of so many lives by the electric fluid. 
• 

Nicholson’s Joiiraal of Philosophy and Chemistry for August 
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I have endeavoured to form an idea of the loss sustained on an 
average ; and I find upon a moderate calculation, it cannot be 
far short per annum of 4*0 to 50 thousand pounds, and the loss 
of lives from 20 to 30, It is of so serious a' nature, that I 
•wonder no effort has been made to remove, if not wholly, at 
least a part of the evil. Looking at it in this light, and con- 
ceiving it to be the duty of every man to endeavour to propose 
some remedy, I have taken the lificrty to hand you what follows 
for your consideration ; if you think it worth your inserting in 
your valuable journal. 

Our kingdom from its higli and rocky nature, from its 
bowels containing such vast masses of iron, copper, and other 
ores, all conductors of lightning, and also from its situation in 
tlie midst of the waves, itself becomes a conductor also ; all 
these circumstances conspire to collect the electric fluid tog€?- 
thcr around us. If it was possible to find out means to carry 
off this very destructive element without danger, the countiy 
would experience a great and invaluable benefit from it. I'lie 
lo.ss of so many liv^es is a very serious consideration, and ought 
to engage the studies of^he philusopl^^r and the philantropist 
to propose some remedy, if only for their sakes, and if it is 
impossible to remove the evil wholly, at least it is possible to 
remove it partially. ' 

The plan I w’ith deference propose, and I feel satisfiction in 
pn>posingit first to you for your consideration, because if you do 
nut approve of it, it will not meet the eye of the world, for no 
man is more competent to tlecide upon its merits tj^'in yourself. 
'I'he plan is to erect conductors throughout the kingdom, at 
five or six miles distant, or in some instance nearer, according 
to the nature of the ground, on the most elevated parts, so that 
w'henever the eloud.s moved surcliarged wdth the electric fiuitl, 
the conductors would carry it down, so that it would be next 
to an impossibility for a collection of electric fire to accumulate, 
so as to produce a destructive discliarge. I liave very little 
doubt, but that all, or nearly all of the fluid would be carried 
off by these conductors, and little or no damagje, or death would 
ever be occasioned by the lightning. 

The expense of erecting conductors at different stations 
throughout the kingdom would be saved in a few years, and 
the safety of men's lives would be of more value than any expense 
that could be incurred. If every parish would agree through- 
out the kingdom to appropriate a part of the rate for the 
erection of 4, 6, or more conductors, according to the size of 
the parish, on the different parts that are most elevated, the 
expense would not be felt — ^indeed it would not be vrorth 
naming. If the different noblemen, gentlemen, 3ic,, ot the 
different parishes were to take into consideration, first consi4fr- 



On the Prevention of Damage hy Lightning, ' 45Sl 

ing the certain security it would provide for their cattle, buikU 
ings, and the lives of themselves and servants ; and secondly, 
when they estimate the very sn^all expense these conductors 
might be erected for ; I do think every parish would instantly 
be induced to adopt the plan. 

But there arc several great imperfections and objections 
against the present iron conductors. 

The first is, the very short time they stand without being 
deeply corroded with rust, and when first put up the iron is so 
very irregular on the surface, that it is a great hindrance to the 
descent of the electric fluid, and calculated in a great measure 
to cause it to fly off to any other conducting substance in its 
way or near to it ; and when up for a few years, it becomes 
still worse, and so incrusted with rust, that the irregularity and 
imperfections of the conductor are increased. Another fault is, 
tliat the tops of th^ conductors are not raised high enough 
above the buihling tliey are placed to protect ; the point of 
the rod is in general placed just above the chimney? The rod 
ought to rise six or eight feet above the top of the house or 
building, and to end in a single point oiily. If conductors are 
used, in every instance the best materials should be used to 
my.ke them. Iron is the very worst material, and yet all con- 
d'uctorS are made of iron ; but this arises from the cheapness 
of the article. 

According to the experiments of Mr. Ilenly (published in Dr. 
Bee’s Cyclopedia, uiKler tlie article Conductors), to prove the 
best conductors, he found the same charge from an electric machine 
melted 4* inches of gold wire, 6 inches of brass wire, 8 inches 
of silvered copper, 10 inches of silver, and 10 inches of iron 
wire ; so that gold is the be.st conductor, and iron the worst* 
Brass stands next to gold in tlie quality of a conductor. Cavillo 
says, tliat copper and brfiss are the best conductors, and also 
that they never rust ; but to make them of copper or brass 
would be a very*great expense, and then, if not drawn through 
plates, they would be very uneven on the surface, which is a 
defect in electric wds. 

1 had in prosprot the making of conductors on an improved 
plan,^so that they would be equal to solid brass in their use, 
and come to as cheap or cheaper than wrought iron, in a 
patent I haiie very recently obtained for combining different 
sorts of metals, particularly brass or copper, with iron. By 
this method we can plate or cover the tubes of fron 15 or Id 
feet long, of any diameter, with a coat of brass, from one-six- 
teenth of an inch, to any thickness ; and so connected with the 
iron by compression, that, when so combined, it appears a solid 
piece of brass, but being hollow, is very light and portable, 
and the m^hod used in making them being by drawing them 
thj^ugh a polished draw plate, all tlie surfaces are as smooth 
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and uniform as it is possible to make them. Being made in 
cotivenient lengths, they may be sent to any part of the king- 
dom, and put up in a very shoft time, as one piece screws into 
another, so that, when screwed in, both edges the brass meet, 
and join together. Conductors of this kind would never rust, 
as what is presented to the atmosphere is brass only. They 
would be two-third lighter than iron rods, would be put up in 
a very short time, would be quite as cheap as iron, and further- 
more would be the best conductors you can possibly make. But 
as I said before that I had given the subject a good deal of 
thought, especially the probability of drawing oif tlie electric 
matter by conductors, so as to prevent its getting to a head and 
causing by its discharge so many accidents ; when I considered 
the manner of the iron rods and their great defects, it set me a 
thinking how I could contrive a better conductor than iron, 
and I flatter myself I have succeeded?. Therefore I leave it to 
every man to judge, whether w’hat I have asserted is true, namely, 
the great damage done yearly by lightning, and also the great 
necessity of providing, if it is possible, iome remedy ; and if 
conductors are the only means that promise a remedy, those 
conductors which afford Vhe most benefleial and lasting results 
will certainly be ^chosen. This is. Sir, rertf much like recom-^ 
mending my own iikvention ; but if my rods are the best, whicii 
I leave to every candid man to judge ; and if society is beiie- 
iitted, I see no reason why I should not be benefited also. The 
present conductors on shipboard, where any are used, are I 
believe constructed of chains 'which are the worst of all con- 
ductors, as the lightning has to run down the most ^irregular of 
surfaces, besides their being so clumsy. But my brass rod 
might be so attached to the mainmast, and tlie collecting point 
raised above the top, and where the joints of the mast are, 
there might be a round universal joint, that would bend in 
every direction with the mast. The rod might be carried down 
thus into the sea, and the expense of them would beso trifling, 
that one would hardly think any vessel would b*e without one, 
especially when it is considered they would be made of metal 
allowed by all who have written on electricity t^ be the best con- 
ductor of lightning. ^ 

I am, dear Sir, 

COOK. 


Annotation, 

The subject of conductors for lightning being still obscure, 
1 have with pleasure inserted Mr. Cooks communication 
without considering, as at all needful, that an acquiescence in 
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its contents should be implied throughout on my part. Being 
founded on the generally admitted doctrine, it^is many respects 
entitled to consideration, and, like all other ingenious researches, 
is calculated t<f excite investigation. On the present occasion I 
would remarJc, that the course, disposition, and striking places 
of thunder-clouds appear to be governed in a very great measure 
by certain conducting parts lying along or within the earth, 
either as ridges or internal masses, and that a stroke from a 
stratum of clouds many miles in lengtii, seems to be determined, 
by an action which extends far beyond the influence of any 
metallic rod, even supposing this last to be inserted into the 
conducting mass itself : that the whole process of atmospheric 
evaporation and condensation appear to be accompanied with 
electric phenomena upon a very extended scale, but most 
strikingly manifest when the changes are rapid ; this last being 
the only difference between thuncier storms and common squalls 
or showers ; and tl^t it does not seem probable that our rods 
can essentially modify the course of those effects. Other more 
remote considerations would offer, if they could ; such as the 
possibility of an interruption of the ordinary course and fre- 
quency of showers, which Darwin thought within the reach of 
human power, and the greater probability that the atmospheric 
eshictricity of a whole country would soon destroy any series of 
conductors ; but the affair of the poor-house at Heckingham,* 
in Norkfolk, which, about thirty years ago, was struck and set 
on fire by lightning without touching any of the eight elevated 
metallic conductors attached to the building, has been consi- 
dered as a proof of the very limited influence of these rods, 
and that th?ir power of protecting a single edifice requires tlie 
condition, that all the conductors should be connected together, 
and with the metallic parts of the house. 

W. Nicholson. 


On the Preverjfion of Damage hy Lightning. In a Second 
Letter from Mr. Benjamin wok , to Mr, Nicholson.t 

» 

Bear Sir,^ 

In a former paper which you inserted in your valuable journal, 
on the advantage and security that I supposed tl!e nation would 
if electric rods were placed at certain distances on the most 
elevated parts of the country, or if attached to the highest 
buildings at different places, so that the electric fluid might be 

, * See Philo’s Translation of that time, 

f From Nicholson’s Journal of Natural Philosophy and Chemistiy for 
i^ruary 1812 , 
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carried oA' by tlie iods, as the clouds charged with the fluid passed 
over them ; by your remark at the close of that paper, it did not 
seem to strike you, as promising that advantage and security it did 
me, and you named an instance \vhere the rods htul failed ; but if 
one instance or two have happened where the electric rods do not 
appear to have had any influence on the electric fluid so as to 
carry it oflT without injuring the buildings, this is no proof of their 
inutility. We ought, before we pass judgment upon them, to 
have known the slate of the rods, and their elevation. It is very 
probable that these rods had been uj> for many years, and nearly 
destroyed by rust; and perhaps in some parts the nature of the 
iron might have been completely changed or destroyed, and 
nothing left but rust ; nay in some places, even the rods might 
have been divided, or nearly so, by the rust ; so that a weak dis- 
charge of electric lire would easily melt what was left ; or they 
might have been caiTied in such directions across, or down the 
sides of the building, as to pass by* substances possessing greater 
power to cany olT the fluid, than such rusty lU!ea 3 ^cd conductors ; 
and thus tlie lightning might have been b^^ their means conducted 
so as to cause the very ruin they were intended to prevent. 
Besides, the points of the conductors mi«^it have* l>een placf*d very 
low, so that clouds overcharged with the electric fluid might have 
passed so near the buildings, that every part that was a conductor 
drew down the fire as soon as the rods, which had lost a part of 
their power by rust. I say all this might have been the ease, and 
we therefore ought not so say, that electric rods have been found 
ineflTectual to ward off de’Struction. 

I am desirous this subject should bo fairly investigated, indeed 
it is a national coneem, and i do wish some able person would 
take up the subject ; and if any of j'oiir cf»rresj>onde3its coiild 
produce any ont: instance where the rods, liaving been found in 
})roper order and position have failed, it would in a great measure 
j>rove ihoir inutility. On the other hand, if any one iiistamo 
could be brought forward, where they have ]>ioved Ixjyond a doubt 
the protectors of a building that witbont them would have sufiered, 
some basis might be laid dowm to form a just ideef upon. This is 
certain that we have each \’ear to record great losses, both in 
property and lives, by the electric fluid ; and iL some plan could 
be devised to remedy, if but^in part, the evil ' experienced and 
complained of, great advantage and safety would be procured to 
society. My opinion is that electric rods are sure and certain 
preservatives to every house where they arc properly arached, if of 
the proper kind ; and if a house can be secured, why not by the 
same means a whole parish, by a proper number of conductors ? 

But conductors are of little or no use made in the way they 
commonly are, of a piece of iron wire one quarter of an inch in 
diameter, or perhaps less ; for in many instances I havtj examined 
they have not been so thick, some merely a strong wire. These 
in a year or two are nearly or quite corroded through svith rust ; 
and they are attached in a careless way, Y^ith a number of ru^ty 
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points at top, directed to every point of tlic compass, and rising 
just above the chimney. It appears that if a rod is placed 
against a house or building, no matter how, the buiding is sup- 
posed to be Siife ; and if this Ift^use or building is injured by 
liglitning, it is the rod that was to have protected it, that is 
declared inefficacious. These rods are generally put up by 
some carpenter, or builder, who knows nothing of the nature 
or properties of the fluid he is guarding against, and therefore 
brings tfie rod down any way tii.at is most convenient, without 
considering whether it [)asses near or even touches any con- 
ducting substance i^i the buihling ; in rvliich case the rod, 
instead of prote cting, is calculated to bring on the building the 
mischief it was intended to prevent. 

Ehictric rods should be three (pia' tersjof an inch in diameter, 
according to my opinion ; shoulcl not touch the building in any 
part by three inches ; awl all tlieir fastenings to it should be by 
non-conductors, 'li'hcy should end in a single point of brass 
and this point be elevated six feet at least, but ten feet if pos- 
sible, above the highest chimney of the house. If the rod is 
not brass, or a tube of brass, a strong brass wire ought to be 
wound round it, connected witli thc;*point, and passing once 
rcaind the rod in the space of twelve or eighteen inches, sufti- 
,e«it to kee}> the brass wire close to the iron, all down to the 
earth. I have no doubt upon my mind, from all the observa- 
tions T have made, that electric rods of this nature will never 
fail to give perfect safety. Even on board vessels an iron cliain, 
the worst ot all conductors that can be called a conductor, has 
been known to preserve the vessel and crew. As a proof I 
will quote a passage from Captain Cook’s Journal of his Second 
Voyage Round the World. 

April 25th, 177 1. 

Otaiieite.— This day we had a very violent tempest. We 
were obliged to get our electrical cliain up to the topgallantmast 
head, to secure* the masts. Removed all the iron off the decks, 
and secured down all the hatches. As the seaman who carried 
the chain up, was coming down he got foul of the chain, and 
it lightning at t«e same time, he received a slight blow on the 
leg. which, though it did him fio harm, shook every bone 
witnin him.” 

Captain t[look had seen an instance of the great utility of the 
electrical chain in his former voyage, while at Batavia, which, 
being of a singular nature, I shill relate in his own words, or 
as they are given by Dr. Hawkesilrbrth. 

About nine o’clock we had a dreadful storm of thunder, 
lightning, and rain, October lOtli, 1770, during which the 
tnainmast^of one of the Dutch East Indiamcn was split, and 
^*ried away by the deck* The main topmast and topgallant 
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mast were shivered all to pieces ; she had an iron spindle at the 
main topgallantmast head, which probably directed the stroke. 
This ship lay not more than the distance of* two cables length 
from ours, and in all probability we should haye shared the 
same fate, but for tlie electrical chain, w'hich we had but just 
got up, and which conducted the lightning over the side of tlie 
ship. But though we escaped the lightning, the explosion shook 
us like an earthquake, the chain at the same time appearing 
like a line of fire ; a centinel was in the act of charging his 
piece, and the shock forced the musket out of liis hand, and 
broke the ramrod. Ujion this occasion I cannot but earnestly 
recommend chains of the same kind to evdl“y ship, whatever be 
her destination ; and J hope that the fate of the Dutchman will 
be a warning to all who shall read this narrative, against having 
a spindle at the mast-luml.” 

Thus, even chains have been found ^protectors, and if proper 
conductors were attache<l to the main top^dlaiitaiast, running 
all down it wdth a joint at the place where the mast is jointed, 
it would always be in its place ; and 1 again say, I am pretty 
confident, that vessels would be secured from the injury they 
but too often sustain fropri lightning, w’ell as houses. The 
rod w’ould not l)e in the way of any of tiie rigging, and there- 
fore I should think it would be a duty the musters of vessej> 
owe to their sailors, as w'ell as to the owners of the property 
they have on board, to be alw'ays provided against danger. 

I am, dear Sir, 

Your obedient Servant, 

B.^COOK. 

liirming/iam, Carolinc-sircet, Dec. 27fk, 1811. 


Extract from the London Journal of Arts and Sciences, Vol. 
V. p. 253. Published in 1823, 

To the Editor of' the London Journal of ^rts, 

Sin, 

I have read in your very interesting Journal df Arts and 
Sciences, several accounts of a new method of conducting the 
electric fluid cldar of ships, by a Mr, W. Harris, and that liis 
method has lately been exemplified on the Touisa and Caledonia 
men-of-war at Plymouth, and also on a vessel in the Thames. 
His method by means of a copper conductor fixed in 
the masts through the bottom of the ships/' and to bejeontinued 
until the copper comes in contact with water. 
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It gives me great satisfaction to see, that most excellent 
method from damage from the electric fluid, is likely to be 
adopted in the navy, as I am.confident it will derive immense 
advantage from the use of electric rods, by the perfect security 
they will give to all vessels protected by them. 

I have no doubt but Mr. Harris supposes that he is the first 
inventor, for I cannot for a moment suppose that had he read 
my papers in Nicholson’s Journal of Natural Philosophy and 
Chemistry, vol. 2.Q, p. .305, and vol. 31, p. 108, but that he 
would have'acknowledged that the idea of attaching copper 
metal to vessels, to protect them from lightning, belongs to me. 
Situated as I am in the centre of the kingdom, I had no means 
of getting tliein adopted ; I can only give the idea to the world, 
hoping that some persons in the navy# might read it, who had 
influence, or felt it their interest to adopt them. I beg to relcr 
you to my papers, t<f show what were iny ideas respecting 
electric rods, forifioiises as well as ships, and would wish parti-* 
cularly to call the attention of your readers to my papers on 
this subject, nor do I think they would be uninteresting to a 
very numeroiis class of your readers, if you were to republish 
some extracts from them, especially as we of late have wit- 
nessed so many accidents from lightning, which might have 
be«n prevented, had my method of attaching electric rods to 
buildings, &c., been adopted. 

I am. Sir, 

. Your obedient servant, 

B. COOK. 

Birmingham, April Sth, 1823. 


On a new Phenomenon of Electro-Magnetism, By Sir. H. 

Davy, Bart., Prec. B. S. 

• lleccivcd March l», 18!^3. 

On a subject so obscure as electro-magnetism, and connected 
by analogies more or less distant with tiie doctrines of heal, 
light, electricity, and chemical attraction, it is not diflicult to 
fi;pme hypotheses ; but the science is in a state too near its 
infancy to expect the development of any satisfactory theory • 
and its progress can only be ensured by new facts and experi- 
ments, which may prepare the way for extensive and general 
reasonings upon its principles. Influenced by this opinion, I 
am induced to lay before the Society an account of an electro- 
magnetic phenomenon I observed about f5ftt?en months ago in 
the laboratory of the Royal Institution, and which I have lately 
had an occasion of witnessing in a more perfect manner, through 
the kindness of Mr. Peppys, by the use of a large battery, con- 
^jitracted under his directions for the London Institution, aud 
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i-oiitnininiv pair of plait's of about two huiulrecl square feet. 

In dost'ribin*];' this pht’iunju'non, 1 shall not eiiit'r into very 
nhnvite details, bi can'-^e the exj»eriinents, which let! to the disco- 
very of it, are \<'ry siiv]>le, and,* thouirh more di^stinct with a 
lar^e a}q>‘n'j!Tns, yi't »t nsay be nh.scrved by the usc ot a pair of 
plates cor.; alitire; tVe.io ten to hfieeii stuiare ft'et. 

Innnedi.'iiely edter i\lr. Faivth.y liad published his 
experinteo.t. e'a eiectr<)-n!:’,t»i;cl ;c rotation, I was induced to try 
tile aetiiai oT n n!.:^•su‘t on mercury eoiuu'eted in the electrical 
'll it, he*-.in«v tiait in this eci-”, as tlicrc' waa.s no mechanical 
su -pt -Hion o(' llu' eorchu'tor, the appearances would be exhil>ited 
in their sin.jae h>r:n : and 1 found that when two wires 

W iee nhic'd in a bas ii of’ ineix'ury, perpendicular to the surface, 
and ii; the voltaic <-irciiit^ of' a b'attcry <»i’ lar^e plates, and the 
pole of a junvei'iul jr.ayjra t held €*ilher above or below the wires, 
tin* r. lercury ii uiunJiatcly to rcvu?ve round the wire as 

;ni f'.xi. . r.ccartlii'.o' to the coimnon cireunislanc^ of elcctro-nin^- 
netic rotation, aiul witfi a veloc'ily excetdinjt^ly increased W'hcii 
tii(‘ poles of two magnets were iiscfi ; one above, tlie 

other )>c!ow. 

Miisi-es of mercury of.s; veral inclie.s di;fmeter were set in mo- 
tion, and m.nle to rcv(dve in this maniK'r, w fienever tiu' pole of 
the ma.<£nel was held near the perpendicular of the wirt' ; but •. 
when tiio pole wn.s Ijehl above the mercury, between the two 
wirc' 2 , tile cireolnr rnollon e<'aserb and currents took ]dfice in 
the mercury in opposite' dirt ctions .: one to tlie rjglit, and tlic 
otht r to the left, of the n;a<?;nct. 1 Jiesc circumstances, and 
various f>tlu;rs wliich it would !»<' tedious to detail, induced me* 
to bc]i(?vo lliat the pas .py;:' of the f Uatlncity through thc*mcrciirv 
])roduced motions iudependent of’ the actitm of the magnet ; and 
that the appevirances which J have described w’cre owing to a 
c{>mpo iiion of foreas. 

t endeavom ed to ascertain tlie existence of these motions in 
tile mercury, by covd'ing its fand’ace with weak acids; and dif- 
liLsing over it finely divided matter, such as the setds of lyco- 
pcalimn, white oxide of mereury, &c., but wuthout any distinct 
re.stilt. It tlicn occurred to me, that from the position of the 
wires, currents, ii they existetl, must occur cJ^efiy in the 
lowtu', and not in the upper Surface of the mercury ; and I 
coTisequcntly inverted the form of the experiment. I had two 
coiTpcr wires, of about on.e-sixth of an inch diameter, tjfcie extre- 
mums of which wei’c dat and carefully polished, passed tlirough 
three inches apart in the bottom of a glass basin, and 
picrpeiidicu'fai* to it ; they were cemented into the basin, and 
made noji-conductors by sealing w'ax, except at their polished 
ends ; the basin was then filled with mercury, which stood about 
a tenth or a twelfth of an inch above the wires. The wires were 
now placed in a powerful voltaic circuit. The moment die eon- 
tact;> were made, the phenomena ^ wdiich is the princi|Kil object of^ 
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tliis paper, occurred. 7 'he mercury was immediately seen in 
violent agitation ; i"s surface became elevattid into a small cone 
above eacli of the wires ; waves flowed otf in every direction from 
these cones ;^'md the oTily [xHoC of rest was .‘ipparcntly when* they 
met in the centre ot the niercnry between' tlic wires. ( >n holding 
the pole of a powerful bar magnet ni a con.^id(‘rabie disUfnee 
(sonic inches) above one of the cones, its anex w.'?.s ilimini.iha tl 
and its bas(? extended ; by lowi’ring the pole further, tliesc 
effects were still furt-icr increased, a’ld thi^ iniilulations were 
feebler. At a small distance ti.e surface c>i‘ tlu* merc ury 
became plane ; and rotation si only began round th.e wTrft* 
As the magnet appioaclietl, the rot;itiou beciune moix* rapid, 
and vvlieii it wa.s about h.alf ;ei inch above tlie mereiirv a 
great ch'prerslon ot it ^\^!s obs<Tved above' the Avire, and a 
vortex which reached aiuiosl to the surface of the wire. 

Tn the first experinf^nts* vviuch I made, t!ie comh'al elevations 
or fountains of •lercury were about the teiitli or twcllih of rai 
incii Iiigli, and the vortices apparently as low ; but in tin? 
ex])erimenls maiUrat the London I nslitution, themc rc'ury being 
much liiglier above the wdve, the elevations and de))ressions 
were much more considerable, auKfuniing to the .Olli or sixth of 
an inch. Of course tlui rotation took piacc wiUi either pole of 
magnet, or either wore, or both logether, aeeordiisg t > liio 
W'ell known circuaistaiices which tklcrmine llu.se elfecls. 

To aseerliiin whetiier the commimication of heat dimini; Iiing' 
tlie specific gravity of the mercury, had any share in tiie^ic piu - 
nomeua, I [ilaced A ih‘lie.?te thernioineter above tiio wires in tlie 
mereur/, buttliere w;is no imme'u ite eh'VvU-ion of loiuperatme ; 
the heat of the mereurv^ graduaby increased, as i.lid that of th(* 
wares ; l)ut this increase was similar in every pari of the circuit 
1 ])roved the thing more dislinclly l)y m d-. ing tiie w hole apjia- 
ratiis a //uTmoweb /*, terininating with a line tube f!]U?d v, ui) 
nu'iTury. At llie first instant that the nu'rcury liciame eicclro- 
magnetic, tkere was no increase of its volume. 

This phenomenon cannot be attributed to common electrical 
repulsion, for in the eleetro-iiiagaietic circuit, similariy electri- 
fied condnetfirs do not repel, Ij^it attract eacii oilier: and it is;iii 
the case in which conductors lu the oppa.v//r, states arc broiiglit 
near cacli other on surfaces of mercury, that repulsion talies 
place. • 

Nor can the effect be referred to that kind oj* .action avIiu fi 
occurs where electricity passes from good into bad conductois, 
as in the phenomena of points electrifieil in air, as the following 
facts seem to y)rovo : — Steel Avires were substituted for copper 
wires, and the appearances were the same in kind, .1011 only ie^s 
in decree ; without doubt, in consequence of a smaller quantity 
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of electricity passing through the steel wires . and by comparing 
the conducting powers of equal cylinders of mercury and steel 
in glass tubes, by ascertaining the quantity of iron hlings they 
attracted, it was found that the conducting powers .of mercury 
were higher than those of steel : the first metal taking up fifty- 
eight grains of iron filings, and the second only thirty-seven. 

Again : fused tin was substituted for mercury, in a porcelain 
vessel, into wdiicli wires of copper and steel were alternately 
ground and fixed ; the clevfitions were produced as in the mer- 
and the phenomena of rotation by the magnet ; and it 
W’as found by tlirect ex]>eriment, that the contlucting power of 
the tin, at, and just before its point of fusion, did not percepti- 
bly differ ; and that they were much higher than those; of 
mercury- Lastly, the coni muni cat ion was made from the bat- 
tery by two tubes, having nearly the same diameter as the 
wires, filled with mercury, so that the electricity for some inches 
before it entered the basin, passed through iimrcury, and still 
the appearances continued the same. 

From the rapidity of the undulations round* the points of the 
cones, I thought they would put in any light bodies 

jilaced above the mercury, biSt 1 could not produce the slightest 
motion on a very light steel, hung on an axle ; and when fine 
powders of any kind w'ere strewed upon the surface, they merely 
underwent undulations, without any other change of place ; and 
fine iron filings strewed on the top of the cone, arranged them- 
selves in right, lines, at right angles to the line joining the wires, 
and remained stationary, even on the centre pf the cone. The 
effect, therefore, is of a novel kind, and in one respect seems 
analogous to those of the titles. It would appear as if the 
passage of the electricity diminished the action of gravity on 
the mercury ; and that there is no change of volume of the 
whole mass of the mercury appears from the experiment, de- 
scribed in the preceding page, and this was shewn likewise by en- 
closing the apparatusin a kind ot manometer, terminating in a fine 
tube containing air enclosed by oil ; and which by its expansion 
f>r contraction, would have shown the slightest change of volume 
in the mercury : none however took place when the contacts were 
allernatoly made and broken, unless the circuit wa^interrupted 
for a sufficient time to communicate sensible heat to the mercury.* 

This phenomenon, in which the same effects are produced 
at the tw'o op]>o.site pol<*s, seem strongly opposed to theTidea of 
the electrp-riiagnoti^ results being produced by the transition 
currents or. niotious of a single imponderable fluid. 

On the conjectural part of the subject I shall not however 
enter, for the reasons stated in the beginning of this paper ; but 
I cannot with propriety conclude, witliout mentioning a cir- 
cumstance in the history of the progress of electro-magnetism, 
which, though well known to many Fellows o this Society, 
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has, I believe, never been made public;^ namely, that we 
owe to the sagacity of Dr. Wollaston, the first idea of the 
possibility of tlie rotations of t^ie electro-magnetic wire round 
its axis by the ‘approach of a magnet; and I witnessed, early in. 
1S2I, an unsuccessful experiment -which he made to produee 
tlie effect in the laboratory of the Uoyal Institution. 


On ike Thermo- FAcciricihf of Quicksilver* By 
P. O. C. VoiissELMAN, 0 / Jlccr.* 

According to the IJInstilutc for December 1837, p* 388, 
which I have received to day, it appears the M. Matteucci, has 
commiinicatcd to the Academy of Paris, the following infcrence- 

‘^If, in place oi^ bringing into immediate connection the two 
wires of the same n^tal united to the two extremities of a gal- 
vanometer and heated unequally, we were to jdunge them into 
mercury ; or what is better, if we -^ere to keep them in con- 
nection with that rnetal, or any other metallic connecting 
^nediiim, contained in two capsules, united by a syphon, one of 
w’hiSh is hot, and the other cold, the anomalies, which are pre- 
sented by iron in thermo-elecirical phenomena, wdll not be ob- 
served. Ck^pper, platinum, and iron then give out currents, which 
always travel in the same direction, that is to say, from the cold 
to tile hot part of the wire by which they are connected. It is 
to some cjfuse of oxidation, on the surface then, to which the 
anomaly in question is due. It appears to me that mercury is 
by tills means deprived of the property of developing thermo- 
electric currents.” 

Similar experiments were first instituted by M. Nobil.t He 
took similar wires of the same kind of inetiil, and attached one 
end of each td a good galvanometer, ddic farther extremity of 
one of these wires was rolled into a small knob in order that it 
might receive a greater quantity of heat from a spirit lamp ; and, 
when heated, ^was brought into contact with the unattached 
ei^l of the wire. Iinmediatelyf a momentary electric stream 
traversed the circuit. J The current usually traversed the 
heated wiiie from the point of union to the cold end, and through 
the galvanometer, from the cold to the warm end. By employ- 
ing iron, zinc, and antimony the opposite results were found . 

• PoRpendorff’s Annalen dor Physik and Cheinio. Band. XXXXIX 
s. i.p, nil. 

f Annalon dor Phvsik and Chemie. Band XXXXIV. S. and Bd* 
X XXX VII. s. (iOO. 

P X Bibl. Uni vers. 1828. T. XXXVII. p. 118. 
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These are the anomalies observed by M. Nibili, and confirmed 
by Becquerel, which now, by Matteucci, is given out as a 
general rule for all metals. 

What is it that Matteucci has^ done ? He has 'staled that he 
brought a heated and a cold wire into imperfect contact;, and 
made the connexion through quicksilver, iiuUK?d through quick- 
silver in two different vessels which were united by a syphon. 
He thus brings into the circuit anotlier heterogeneous metal : 
and it is therefore very obvious that his results ean be no other- 
,visc explained than by the therm o-elcetric action of the quick- 
silver : although he brings these results forward in contradic- 
tion to those which have, long ago, been discovered l)y Secbcck. 

In the following experiments, whicli may be rcp(-ated at 
pleasure, I availed myaelfof a very delicate galvanometer, which 
belongs to Mr. Kerhover, and w'as ma<le by our skilful mechanic, 
Becker. The metallic wires were Troi^ one to one and a half 
inilimeters thick, and from one to two deefmeters long : and 
for those experiments were carefully cleayed : and those ex- 
tremities w^hich were connected with the galvanometer, were 
kept, as much as possible, at the temperature of the room. 
The experiments were oTten repeated,^? and varied with dif- 
ferent wires : — 

1st. I obtained two copper- wires, and rolled one end one 
of them into a knob or compact coil. I then heated this end 
ill the flame of a spirit-lamj), or by other means. On com- 
pleting the contact between this and the other wdro, the deflec- 
tion became 110^'. and the current flowed from the heated 
point of contact to the cold end of that wire. ^ 

2ud. By employing platinum, tlic current also flows from the 
warm to the cold end ; but with zinc and with iron it flows 
from the cold to the warm end. Bismuth, and Antimony, gave 
various results ; of which mure will be said. 

3d. With silver I constantly found a current frpm the cold to 
the warm end. This metal, therefore, must be placed in the 
same class as that in which zinc and iron stand. I obtained 
these results as well by the ordinary silver wire, as with wire 
of purified silver, which had ly)en purposely pre^^ared for these 
experiments. • 

4th. Instead of making the connexion direcfhjy bjj. means of 
bringing the wires into immediate contact with each other, I 
now made the cannexion by means of a drop of quicksilver in 
a small cup, or basin. To illustrate the results, I will call one 
of the wires a, and the other h, it being understood, that one 
end of each is already joined to the galvanometer, and the 
other ends of these wires were occasionally made to touch 
quickcksilrer. One of the wires was first connecued with 
quickicksilver the end of the other was then heated, a n^ 
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afterwards made to touch the mercury also. In this case, when 
the drop of quicksilver was not too lar^^e, the results were 
similar to those in experiments 2, and 3. 

5Lh. When I heated the quicksilver, and tlicii touched it 
first with a, and then with h , or first with by and then witli a 
1 obtained very anomalous results, wdiich prevented me from 
arrivini^ at any tiling d(‘cisive by this particular set of 
experiments. 

(ith. I now employed a flat bar of w'ood, in wliich a cJiamieW^H 
was made, oiie deeimeter long, and two miilimeters broad, 
which I filled with (|uicksilvt?r. fty this means 1 obtained 
a quicksilvta* wire, wliose ends could be connected with the 
ends of any pair of homogeneous vvires.^ By connecting one 
wire a, ofa ])air of the same metal, ami then heating the other 
wire by and immediately ij^'tervvards bringing it into contact with 
the other extremitjjj of the line of (juieksilver, I obtained a 
})owerful current Uiroit^xh the quicksilver, from a to b: ox 
from the cold to tbe»wanu wire : and so on, from the warmed 
point to the cold one of it, which was in connexion w'ith the 
galvanometer. This was the case, ^uhether the pair of wires 
were of platinum, copper, zinc, silver, iron, or antimony. 

The same results were obtained wlien either of the 
extremities of the quicksilver was warmed, by touching it with 
a glowing hot needie, or stout wire. 

Sth. When, iiislead of a pair of wires, I took twm small bars 
of bisuluih, and proceeiled as above, by first connecting oneof 
the bars wit^i one end of the ijuicksilver, and after healing the 
other bar, by bringing it into contact witli tlie other taid of the 
(jiiicksilvcr, I obtained similar results to those described by M. 
Slattcucci. There was a strong current /Iiroogh tlie quicksilver 
fro . 11 tile hot to the cold bar: and conscapKiitly through the 
heated point, fro.n tlic bismuth to tlie quicksilver. Should 
Matteucci now ^dinit those facts, he miglit also say tliat, the 
thermo-electric stream p?*oeeeds from the cold to the warm end, 
with all the metals, with the exception of bismuth, in which it 
takes the opposite direction. There would be then nothing 
more done than fhat of transferring the anomaly from the iron 
to tiwj bismuth. Put it appears to mo to admit of no doubt, 
that these appearances only indicate the thermo-electric proper- 
ties of quieftsilver, wliich is less negative than bismuth, but 
more negative than the other metals : so Uui^ we have this 
arrangement — bismuth, quicksilver, platinum, copper, zinc, 
silver, iron, antimony. 

9th. The correctness of tliis inference still more distinctly 
appears, by employing tw^o distinct kinds of metal ; for instance, 
copper and platinum. When the end of the platinum wire is 
lifted ami then made to touch one end of the strip of quick- 
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silver, the copper-wire being previously in connection with the 
other end of that strip, the current flowed through the heated 
point, from the quicksilver to |he platinum : but if we regard 
the quicksilver to be indifferent, as Matteucci has done, we 
tV’Ould say that the current ran through the heated point, from 
the copper to the platinum, in contradiction to the experience 
ot all philosophers. In this case the current is due to the 
thermo-electric element formed by quicksilver and platinum : 
and arises from the same cause as those already described in 
' ^experiments 6* and 7- 

If, by the rest which Matteucci says, he means that, '' witli 
all other metallic alloys'* the same results are developed, he 
probably alludes to the attribute of bismuth ; which, according 
to the experiments of Seejbeck, is strongly negative,* and con- 
sequently must thus operate like quicksilver. 

10 th. I said that a bar of bismuth and of antimony, show 
anomalous effects. At first I had much trouble to ex}>lain the 
contradictions of my results with those of ^Nobili and other ex- 
perimenters : though eventually, I believe, after many experi- 
ments, I have been enabled to find out the cause. 

If we employ two small bars, both of bismuth, or of antimony, 
and after warming the one bring it into contact with the other, 
immediately an electric current is produced : whose direction 
depends upon the difference of' temjicratvrc. If this difference 
Continues within certain limits, the current, with the bismuth, 
proceeds from the cold to the warm end ; but with the antimony, 
from the warm to the cold end. But as soon as the bar becomes 
stronger heated, the direction of the current reverses, and pro- 
ceeds by the opposite route. I have very frequently observed 
this reversing of the current, whilst experimenting with anti- 
mony. By a strong heat I obtained first a current from the 
cold to the heated bar, as was shown by Nobili’s experiments ; 
I then broke the contact of the two bars to cool the heated one 
a little in the air, and then again united them. ‘The needle im- 
mediately turned round in the opposite dii*cction, indicating a 
current iu the opposite direction to the former. I presume that 
Nobili had also employed a b^h temperature in jiis experiments. 

We find also by the employment of one and the same metal, 
what, a long time ago, was discovered by Becquerel in experi- 
menting with a circuit of two metals such as coppeV and iron, 
silver and zinc 3 and also what takes place by another circuit of 
silv^ and iron, viz., a reversal of the current when the differ- 
ence of temperature of the two bars becomes greater than a 
certain limit. W e must also take care that the small bars have 
a clean metallic surface, otherwise we obtain many anomalous 
results, which, probably, are due to oxydation. I hqpe still to 

• PoggeudorfTs Anualea der Physiik and Chemie, 1826. 
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arrange some further experiments on this topic. But it is also 
open for the enquiries and considerations of other philosopherst 
frotn which I expect that some light will be thrown on the 
subject. 

At this time my object was only to clear up the thermo-elec- 
tric property of quicksilver to M. Matteucci, and to show the 
existence of the anomalies ; which, perhaps, may soon become 
known as a necessary consequence of an universal law. 


Something further on the^hcrmo-ElectricUy of Quicksilver* 
By P. 0?C. VoiissELMAN, ofHeer* 

Since the publicatioft of my experiments, in April, 1838, 
(described in the preceding paper) I have found a very exten- 
sive notice of Matte ucci’s experiments, inPthe Bibl. Univers, for 
Nov. 1837, p. 211 ; which jdaces me under the obligation of 
oncii mo|e returning to the subject. 

Ma^eucci places great importance upon the following expe- 
riment. If we heat a small portion of quicksilver in a cup, and 
bring into contact with it, first one a, and then the other b, of 
two copper wires, a b, already in connexion with the galvano- 
meter j the cqptact thus produced, proceeds from b to a, or 
from the wire last, to the wire first immersed ; and therefore, 
says Matteucci, from the cold to the warm copper-wire. 

I had in my experiments, § 5, observed this diviation, and con- 
sidered it as an anomalous eflect. On further consideration, I 
by degrees, found a new proof of the position which Matteucci 
denies. In the present case, what happens in the experiment.^ 
'fhe copper wire a, is immersed in the heated quicksilver, and 
accordingly, positive electricity goes from the quicksilver to the 
copper; and now, as soon as tlie circuit becomes completed by 
the introduction of the other wire a current must proceed 
from tllte quicksilver to the wire a ; and although it appears to 
go from the cold to the warm copper, it. in reality sets out at 
the heated poiRt, from the quicksilver to the copper. The cur- 
rent is only a momentary one, for the temperature of the ends 
of the two wires soon become equal, and consequently annihilates 
the current. 

If we make the experiment in precisely the same manner 
with two small bars of bismuth, then the current proceeds in 

I loniPoggondoi’ff’B Aanaleuder Physik aud Chemic. B. XXXXIX. S.H9. 



46S 


On the Thermo-EleciricU^ of Quicksilver, 

the apposite direction, or from the first to the last introduced bars, 
or from the quicksilver to the bismuth through the point of 
heat. ^ 

The accuracy of this explanation will be I’ciidcrcd undeniable 
by the following experiment. Whilst the wire a was immersed 
in the heated (quicksilver, I touched it with the other wire, b, 
without })crmitting the latter to come into contact with the 
mercury. I'iis current, in this case, proceeded through tlie 
j)oint of contact, from o to b,or from the warm to tlie cold C('p- 
pcT. In this case IMattcucci’s prcj-supposed cause (V oxidat ion 
on the sur/'accj is completely avoided. 

In the before-mentioned notice, I see that M. Matteucci h.is 
attempted to obtain thermo-electric currents by connections with 
cold and warm quicksilvor, ind(q*endeiitly ot‘ aiij; other metal, 
blit without success. He apj»e:irs not to have trusted much to 
the accuracy of his galvanometer, I'or he says although the 
wire of the galvanometer was, perha})s, *a little long, I doubt, 
Imwever, tliat on tlic surface of tlie mc^'.ciiry there was a deve- 
lopment of any thin’ino-clectric currents.” 

It appears, that in.Matteucci’s experiment, the wire of his 
galvanometer was loo long, and the needle not sufficitmtly sen- 
sible. By . the excellent instrument, for the use of wliicli l am 
indebted to iVir, Kerkhoven, I c..n easily and distinctly <»bserve 
tlicse ihcrnio-electric currents. In addition to that iiistr»ment, 
1 have availed mysell'of' tlie following arrangement: — 

In a lioard I have a channel made, of about from 3 to deci- 
metres long, and in the middle of the channel is a round a 4’<;11 
of about two inches diameter, which can be closeil on the under 
side by an iron or a glass plate ; under this I place a lamp, ior 
the purpose of boiling the (piick.siivcr with wdiich Uie channel 
and well are filled, and a win* (Vtmi each extremity of the chan- 
nel of (quicksilver proceerds to the galvanoineter. By a small 
sltqi of wood or paqier, or ])y oilier means, I can agitate the 
mercury in the well so as to move it towards dne or oilier of the 
wires. When the mercury in the well was Jieated, and then by 
taking hold of the partition wall, the cold (juicksilver was brought 
into contact with the he;ited, I immediately qi<i!rceived a current, 
which proceeded ihrough ?tic qioiiit of contact from thew;pvm to 
the cold ir.etal. Idle deflection, however, is not great, perhaps 
not more than 6'^ or but its qireseiice is nntqu^fJtionable. In 
tJiis case the disturbing influence of all foreign bodies is avoided, 
rhe quicksilver possesses no lack of power in combination 
with other metals, in exciting ihermo-cleciric currents ; and can 
also alone, as well as other meiais, become electric by an inequal- 
lity of temperature. 

When the (quicksilver, as one of the metaks, is yi scries with 
platina, or cojiper, the current proceeds through the point op 
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junction, from the warm to the cold metal ; whilst on the other 
hand, with iron, zinc, silver, it takers the opposite direction, or 
from the cold to the warm metal. « I have, however, also seen 
that the direction'of tlie current is changeable, with a change of 
temperature ; at least this is the case with some of the metals. 
This anomaly has not existed in the cases now mentioned. I 
should like to inquire, in this place, wliy should one direction 
more than another be obliged to be viewed as normal or ano- 
maly ? I believe that all these varieties would become much 
easier explained by referring them to one general cause. When 
we have once dcteriuined with suflieient accuracy at what 
temperature tlie eiirreiiL changes its direction, whether in a 
circuit of one metal or of two metals, wc shall have accom- 
plislunl a great step in the knowledge of this still mysterious 
power. 


Spevi ft cation of a Patent (jr anted to Goldsworthv Gurney, 
of the vonnUf of Coi nwall, and FnEnERicK Rixon, of the 
f'ountij of Middlesex, for their invention of improvemtnis in 
the apparatus for producing and distributing light. — \^Sealed 
Sth June, 1 839.]^ 

This invention in the improvcnuaits in the apparatus for 
producing and distributing light, is applicable to lamps or 
burners, wherein oil or oleaginous matters, in a liquid state, are 
the materials consumed for producing the illumination ; and 
our improvements also apply to various kinds of lamps, burners, 
or lights, wlnll’ein the inflannraable gas or vapour obtained by 
the tlistillation of coal, oil, resin, asj)haltum, or other betumi- 
nous, resinous, or olcaginovis matters is used, as the material 
for illumination ; such gases or vapours being previously ob- 
tained, and then conveyed to the lamps or burners by pipes from 
a reservoir or gasometer ; and consist, in the first place, in im- 
proved arrangemdhts and constructions of conducting pipes or 
tubes and cocks, and jets or burners, whereby we are enabled 
to introduce into the interior of the flame of such lamps or 
burners, a streamer jet of pure oxwen gas. The atmosphere 
or atnyjspheric air being carefully e^luded therefrom, that is, 
from passing through tlie burner, or into the interior of the 
flame. This jet or stream of pure oxygen is applied or given 
to the purpose of producing a more intense ignition of the car- 
bonaceous matters, and consequently a more brilliant light than 
can be obtained where atmospheric air alone, or a mixture of 
atmospheric air and inflammable gases, are used to cause com- 
bustion. 

^ * In order t^at our enquirors about tlio Bude light may have the bo^t pos- 
siblo information, we have sivou the particulars as they appear in the spe.. 
cihea^on, — 
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It may be proper here to remarlc, that we are perfectly, well 
aware that mixtures of air and inflammable gases have been 
applied to flame for the inceeased production of heat, and in 
certain cases to produce light, (in a peculiar de'sciiption cf lamp) 
which lamps burn the vapour or gas arising from the liquids 
contained within themselves ; we therefore wish it to be dis- 
tinctly understood, that our improvements have nothing what- 
ever to do with such mixtures of atmospheric air and inflam- 
mable gases. 

And we are also aware, that pure oxygen has been applied 
to hydrogen gas for the purpose of producing intense heat for 
blow-pipe purposes, and on lime for producing light ; we there- 
fore desire it to be understood, that our invention only applies 
to administering to fhe flames of oil or gas lamps, or burners, 
a jet or stream of pure oxygen, which, of itself, is not inflam- 
mable ; but, when applied to the flame in the manner hereinaf- 
ter described, and at the proper place, will produce intense or 
bright and clear light, which is caused ^>y the oxygen or sup- 
porter coming into contact with the combustible bodies or 
inflammable gases, at tlje point of ignition. Therefore, as regards 
our invention, this jet or stream of |jlhre oxygen may be called 
the source or cause of the extra light given out ; and we have, 
therefore, in contra-distinction to all other lights, called Ihis 
** The Olio-oxygen, or Bude Light.** 

And secondly, our improvements consist in the application 
and use of peculiar and novel constructions and arrangements 
of apparatus, whereby flashing or intermitting lights may be 
caused, or produced, and used as signals for locofliotive steam- 
engines or carriages, and steam or other vessels, or in other 
situations where they may be required ; such intermitting or 
flashang lights being caused or brought into operation by tlie 
passage of streams or bubbles of pure oxygen through flame, 
when brought in connection therewith, or of inflammable gases 
when burnt alone without the jet or stream -of pure oxygen, 
suoh bubbles ot inflammable gases being ignited by a small 
statiemary and continuous light; the bubbles of gases being 
produced by their passing through an invented syphon, con- 
taining liquid, acting as an^iydraulic valve. X)r the same effect 
may be caused by the actuating power of machinery or an en- 
gine, and may therefore be made capable of indica\^ng the speed 
which at a locomotive engine or steam vessel is travelling, by 
the rapidly w ith which the flashes are repeated. 

This effect may be produced by any proper arrangements of 
of mechanism depending on the revolution of the wheels, or the 
strokes of the engines, or other moving parts of the machinery ; 
or in the former case by increasing or diminishing the column 
of liquid in the inverted syphon, and thus causing a greater or 
less resistance to the passage of the gas. The same effect i^ay 
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.also be produced by altering the capacity of* the gas and water 
tvtbes^ and thereby causing a quicker or slower pulsation of the 
light. j 

The construction of the lamp requires two supply pipes — one 
of which may lead from the street main, or supply gas pipe’ 
gasometer, or oil or gas reservoir, or other source, as the case 
may be, and the other is the pipe through whiclv the pure 
oxygen or non-inflammable gas is to pass, or be conducted to 
the jet or burner ; this pipe may lead from any suitable appara*^,^ 
tus for obtaining the pure oxygen, or from a reservoir contain- 
ing that gas. 

The oxygen pipe is connectedby an"air-tight joint to the lower 
part of the burner or jet, and passes up the interior thereof, its 
mouth or exit aperture being on a level, dr a little below that of 
the burner or surrounding flame. 

Both of tlie pipe§ where inflammable gas is used, must be 
furnished with stop-cocks, to cut off or supply the two distinct 
gases. These cocks may be placed separately on the pipes, or 
they may be constructed with one plug, serving for both pipes, 
they being connected by air-tight joints to the separate channels. 
The plug has two apertures bored through it, which are oppo- 
site, and answer to the separate channels. The bore of these 
apertures should be somewhat smaller than that of the passages 
to allow for wear in the parts, or tightening down the plug. 

It i? desirable that the apertures should be so arranged, that 
the oxygen may be let on a little before the inflammable gas, and 
also shut ofl^a little after it; This is readily done by making the 
apertures for the inflammable gas, a little smaller than the 
other. 

It is requisite, in order to carry this part of our improve- 
ments into proper effect, that the two streams or jets of inflam- 
mable gas, and pure oxygen or supporter, should flow in proper 
proportions onejto the other, therefore the pipes or channels 
must be furnished with regulating cocks, or set screw plugs, by 
.which their capacity, or the passage of the gasses through them, 
snail be determined. 

When oil, in^ the fluid state, i§ consumed for illumination, 
the j^ipe or tube, leading from the oil reservoir of the lamp to 
the circular ^hannel within the burner, is made like a common 
Argand burner, excepting that the bottom part is closed, so that 
no atmospheric air can pass up the interior. The^bumer is fur- 
nished with a cotton wick, and means of adjusting its height, 
together with a gallery to hold a glass chimney, as usual. The 
pipe is for the passage of the pure oxygen from the reservoir to 
the flame, is passed through the side of the burner by an air- 
tight joint} and extends upwards within the burner. The 
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oxy^n pipe i$ furnished with a regtilator, plug, stop-cock, at(K|^ 
also with the other cock for the purpose of giving the supply 
oxygen to the lamp wiien it isionce lighted, and cutting off the# 
same when it is to be put out. A moveable cup screwed air- ^ 
fight to the bottom of the burner, which serves for the pu^^se 
of stopping up the end of the middle channel, and receiv^p^ji^iy * 
deposit from the oil or flame. y ; * ^ * 

The pipes and t?te cutting off and supply cocks w'hicfti 4in? 

»»'Inst£ince, have their plugs separate from one another, are tumexl,?^^'' 
simultaneously by one handle, the end of one of the plugs h*^ing 
keyed or counter-sunk into a mortice in the other, so that they ^ 
must m(ive together, although they may be set up or tightened 
separately, as may beyecpure<l. 

The second part of our invention contains niodifipatioiiSk pf 
our improved apparatus for producing flashing or intermifjl^t.- 
lights for signal purposesi 

There ai»e two ways of obtitinin]^ or producing this effect ; the 
one is by the simple action of bubbles or globules of gases pas- 
sing through liepiids ; rliat is, of inflammable gas, when this 
alone is used to cause the light, and also of the pure oxygen 
when the flame of other matter is usetl in conjunction therewith, 
the bubbles of either the inflammable or'non-inflamniablegiasea 
passing ftom the supply pipe through ati rn verted syphott'^ 
chamber, containing a column of lupiid, which, acting -as ‘'ah 
hydraulic valve, (the column being displaced before the bubble 
can pass,) interrupts the passage of the gases through thq pipfe^ 
and produces pulsation at the burner, 'i'hc o///cr il^ethod tl& -fa • 
obtain the same effect by mechanical means, by altei’ijktejjj^i^r 
posing and hiding, or nearly shutting out the light. Th^ 
of this mechanical operation may be obtained by placing a re- 
volving or lUoxdng shade around the flame of the lamp, which 
shade shall jEii^e.ti^Jiglit, except at a part desired, say all but ' 
through sm ’aperture the side of the shade.* This apertm^ 
being to throw the light to a distq 

and as tlfe around the flame, it. . ^ 
have the appear^xii^ or effect of a flashing or ^itcrmitting liglft 
to any person befor^ %r behind it ; or tlie same yffect 

may be produced by alternately opening and shutting the door 
of a darkened lantliom containing the light. « 

Another arrangement of mechsmism for producing the same effect, 
is by means of a supply and cutting-'Off cock or valve, placed in the 
gas pipe when the inflainmablo gases are used alone; or the oxygen 
used with the flame of other bodies ; which cock is to be al- 
tS^ately opened and closed by some suitable connection with the 
maobineiT, and by thus alternately supplying to, and cutting off the 
inflammable gas, dr the oxygen, as the case may be, front the flamuj 
produce a flashing, interrupted, or iutennitting light, % . 
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When the inflammable gas is used for this purpose, there must 
a small continuous flame in such position that the bubbles of 
inflammable gas, as they come in contact with it, will catch fire, 
and the flashing. light thereby be produced ; and when pure oxygen 
is used, the flame of the oil or other matters being kept continually 
alight, its intensity will be increased or diminished as the oxygen 
is supplied thereto, or cut off therefrom. 

One arrangement or construction of apparatus, whereby tho 
method of causing (he intermitting or flashing light, by interrupt- 
ing the passage ol' the gas or oxygen from the reservoir to th^ 
burner or flame, is eflected, by means of a column of fluid being 
placed in its way. A gas pij)e is connected, air-tight, to the closed 
chamber or well containing a given quantity of water or oil ; a pipe 
is carried down to near tlie bottom of the chamber, where its end is 
turned up, and opens into tlie inner tube, which serves as a guide 
for the bifbbles as they ari#e, and determines the time of pulsation, 
or passage of the bubbles, by its area ; or the same may be deter- 
mined by the lieiglit of the cohmm of fluid. 

It will be evident, tftat if the pressure of gases in the reservoir is 
properly regulated according to the height of the column of water 
in the chamber, (or vice versa,) the gas^ will only be able to es- 
cape from the descending pipe tbrougb the chamber to the burner 
iii#buhj)les, or only at intervals, or whenever the pressure of the gases 
has overcome the weight of the column of water, and forced it out of 
the descending pipe into the chamber, and thus allowing the escape 
of the gases to the burner only at intervals. There is a pipe, fur- 
nisla^d with a funnel and stop-cock, by which liquid can be intro- 
duced into the chamber, and a pipe and cock whcre])y it can be 
withdrawn, ® 

This interruption of the flow of the gases can be obtained by 
several other modifications of apparatus, wherein water or oO. 
is opposed to the direct or continuous flow of the gases, the 
fluid having to be displaced by the force of the gas before it 
can pass — the water or oil returning after each portion of gaa 
has effected its escape ; therefore it will not be necessary for ua 
tp 'describe all such modifications of the simple apparatus ; but 
we will proceed to describe one or two modifications, or 
arrangements, oi|( constructions of ^he mechanical means to be 
employed to produce this effect. 

Another modification of apparatus, consists of a revolving 
shade or reflector, placed around the flame of the lamp, which 
will prevent the transmission of light, excepting through the 
face thereof; and as this reflector turns round the stationary 
light, it will throw the rays of light in different directions, and 
by being enclosed in a dark lantern, with only one face or part 
open, will have the appearance of an interrupted or flashing 
light to any person stationed before or behind it* The jet or 
biratr, is fixed in any convenient situation# and is furnished 
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with all the requisite pipes and tubes for oil or gases ; a hood or 
reflector is fastened to the tube which surrounds the burner, and 
rests on a shoulder or ledge forped upon it. Rotary motion is 
to be given to this tube and reflector by any convenient me- 
chanism connected with the machinery, as by a band passed 
from a pulley, or any rotary part of the engine or machinery. 

The same effect of flashing or intermitting light, may be 
produced by alternately opening and closing a door or shutter 
in a dark lanthorn, enclosing the flame, and may be done by a 
'^suitable machine, having an alternate motion from any part of, 
the machinery. 

Another mode is to cause the intermitting or flashing to be 
produced in a stationary lanthorn and continuous light, but in 
which the supply cock^ of the oxygen pipe is alternately opened 
and closed, whereby the intensity of the flame is increased or 
diminished, as the admission of the orfygen is allowed to pass 
to, or is cut off from the flame. v 

An oil lamp, adapted for this purpose, n^ay be furnished with 
a moveable reservoir of oil and cotton wick burner in the 
ordinary manner, and a J>ipe or channel for the pure oxygen, 
leading from a reservoir to the top of tfle burner into the interior 
of the flame. The part of this pipe, between the lamp and the 
cock, may be made either of metal or flexible material, &8 ciK 
cumstances may require. A supply and cutting off cock or 
valve, in this instance, is intended to have a rotary or interrupted 
rotary motion given to it by means of the pulley on its plug ; 
but a common slide-valve or cock, alternately opening and 
closing by means of a reciprocating or alternating motion, 
obtained from the machinery, may be placed in the same 
situation, and will produce the same effect. A lamp or lanthorn 
may he fixed in any required position, and when flexible tubes 
are used, may be made to take on and off its fittings when 
required. The seat or bed of tlie cock or valve is to be fixed 
in any convenient situation on the locomotive ^ngine or vessel, 
and a rotary or alternating rotary motion given to it, by means 
of a band or strap passed to a pulley, from any revolving part 
of the machinery, ^or by a toOthed rack connected with, and 
actuated by, any part of th^ machinery, whieft has a regular 
alternating or reciprocating motion ; or the same effect may be 
produced by an eccentric, connected by a rod to a crank, all of 
which modifications or arrangements are so well • understood, 
that it is not q/ecessary for us to describe tliem. 

Having now described and ascertained our improvements, 
and the manner of carrying the same into effect, we wish it to 
be understood, that we do not intend to confine ourselves to the 
precise forms, or arrangements of construction eff apparatus or 
meehanism, herein shown, as the same may be voided to suit 
different circumstances ; and we claim as our invention^ secured 
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to U8 by the above in part recited letters patent, as our im- 
provements in apparatus for producingf and distributing light," 
first, the arrangement and construction ot pipes or tubes con- 
nected with jefls or burners, and furnished with suitable stop- 
cocks or valves, whereby a jet or stream of pure oxygen iS 
administered or given to the interior of the flame of either oil- 
wick or inflammable gas lamps ; and, in the second place, we 
claim, as our improvements in apparatus for producing and dis- 
tributing light, the improved arrangement and construction of 
apparatus or mechanism, whereby we are enabled to produce aiT' 
intermitting, or interrupted, or flashing light, to be used as a 
signal light for railway, telegraphic, and navigation purposes, 
either by passing the inflammable gas in bubbles, or when it is 
used in connection with a small fixed continuous light, or the 
pure oxygen when used in the interior of flame, obtained from 
the combustion of other ^tnat^rs, the pressure of the gas over- 
coming a column <Df fluid, and thereby causing pulsation or 
passing of bubbles, before it can escape to the burner or flame ; 
and also the improfed apparatus or mechanism, whereby we 
obtain the same effect of intercepting the passage of the gas, 
either inflammable or non-inflammabie, to the fixed or con- 
tinuous flame by alternately opening and closing the valves, 
^ocks,^ or taps of the gas pipes, and thereby causing an inter- 
mitting or interrupted light ; and also the improved apparatus 
or mechanism, whereby we obtain the same effect, by the 
revolving or moving shade ^ reflector surrounding the light, as 
hereinbefore described. 


ROYAL VICTORIA GALLERY OP PRACTICAL SCIENCE, 
MANCHESTER. 


CONVERSAZIONE, 18tII, 1841. 

Alfred Bin yon. Esq., in the Chair. 


On Warming Buildings hy Hoi Water, 

The subject of this evening's conversazione, was the joint 
rej^rt of Mr. John JOavis, M.W.S., Lecturer at the Medical 
S^ool, Pine-street, &c., and Mr. G. V. Rider, Surveyor to 
the Manchester Fire Assurance Company, to a Committee ot 
wC Directors of that Company, appointed ^^to enquire into 
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the nature of tlie accidents that have recently occurred from 
the use of hot water apparatus in buildings^ and to report 
thereon.** i 

After a few preliminary observations Mr. D4vie9 proceeded 
to read the following report : — 

Report on Mr. Pcrkins*s System of Warming Buildings hy means 

of Hot Water. By John Davies and Geokge vAnnoN 
, Ryder. 

Associated in the observations and experiments, we have pre- 
sumed that we might, with advantage, present a joint report. 

Before we proceed to detail the experiments which we have 
made, we shtdl hriefiy describe the ajipearances observed, and the 
information obtained at a few of the )p;incipal places which have 
been visited. We sliall then be enabled not pnly to conlirm but to 
extend the statements in Mr. Ryder s first report. (See appen- 
dix A.)^ , 

It has been found, on ins)^pction, that Birch Chapel has, at 
various times, since tlie occurrence allmWil to in the fonner report, 
sustained much damage. Wood, matting, and cushions have, in a 
variety of places contiguous to the hot water pipes, been cha^^cd^to 
an alarming extent. 

With respect to hir. Barbour’s warehouse, farther inquiry h.as 
fully corroborated the previous stat#mcnts of its having been on 
lire, close to the pipes, at difierent times and in dlifcrent places. 

Of the Unitarian Chapel, in Strangew^ays, the pirectors are 
already in possession of information iiom both Mr. Ryder (see 
Appendix A) and Mr. Ruwst borne, ^^see A)>])end4x B); and this 
information seems to leave no doubt as to tlie injury which lias 
resulted from the use (.)f Mr. Perkins's hot water apjjaratiis. 

The heat in the JMatural History Museum having been repeat- 
edly stated to vary in diflercnt parts of the pipe^ and to become, 
in some cases, llie greatest at places remote from the funiacc, the 
firct has been confirmed by cur own obseivations and by our subse- 
quent experiments.” As ibis circumstance has excited much in- 
terest, and been generally qiu^stioned, we shall pAssenily endeavour 
to assign the cause. • 

The apparatus, which it may be proper to notice iij reference to 
its general form and construction, consists simply of a long, end- 
less iron tubc,*carried, in different directions, from a limiace to 
which it returns, and in which about one-sixth of the whole length 
is inserted and formed into a coil, so as to be sufficiently exposed 
10 the action of the fire. The lube is, at the commenceiroont, 
filled, or nearly filled, with water, which, by the application of the 
heat, soon begins to circulate, and, in that way, to impart an tn^ 
cream of (OBaperature to the apartmeutawiueliittmvanM, 
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dimensions of the pi]ies are such Uiat, on the«iverage, eleven feet 
in length will contain one pint of yater. Connected with the prin- 
cipal pipe are two others, seen in the diagram, which are opened 
by a screw, one to allow for the ultimate expansion, and both sub- 
servie^it to the introduction of water. 

As far as lay in our power, we liave made such experiments as 
occurred to us, repeatedly, and under every variety of circum- 
stance. 

Not having any instruments which Avould furnish speedy an^ 
adocpiate criteria for tJie determination ol‘ high temperatures, wo 
liave resorted to the ii id animation of coinbiistible bodies, and the 
lusion of others, depending on 'the recent and high authority of 
Professor Graham for tlie degrees which tb#y indicated. 

In the tTaturul History Museum we applied our tests, but were 
enabhMl to do so only to a Tory limited and unsatisfactory extent* 
i\Ir. Walker aecom^anied ns to the eslablislunent of Messrs. 
Vernon and Couinanyj^ engravers, where we had the opportunity 
of trying the system ratlier better, but still imperfectly. Finally, 
iMr. Walker ac(!{?dod to our reipicst to have put up, on his own 
proiimes, a suitable apparatus, which was* to be subiiutted entirely 
to our control. It consisted of an iron pipe upwards of 140 feet 
in •length, 2() of which were coiled in th(^ fiirnucc, 20, at least 
being freely exposed to the full action of the live. 

In addition to the apparatus, as at lirst filled up, we had a 
branch pipe and a stop cock, which enabled us, by cutting oil at 
pleasure a great portion uf the circulatioti, to perform our expe- 
riineuts on i con traded scale, and under a variety of modifi- 
cations. 

Mr. Walker, being from homo at the tiun', placed bis Fore- 
man entirely uiubT our directions, so that we hud die opportunity 
of pursuing the investigation to any extent which we might think 
proper. It is but justice to state that this person rendered, very 
willingly and with mucli practical skill, all the assistance which 
was required. 

The apparatus having, on Friday the 5th instant, been fitted 
up, and found, on trial, to be in proper condition, the experiments 
were commenced fm the following ilfornirig, at ten o^ciock, when 
the apparatus had arrived at a suitable state. 

I. First ciass of experiments^ viz., those made with the whole 
length. • 

1 . The pipe from the furnace became very soon sufficiently hot 
to singe and destroy small feathers resting upon it. 

2. Speedily afterwards, the same pipe exploded gunpowder. 

3. Oh thd highest pipe, within a foot of the expansion pipe, 
hispjiith was readily meited, denoting a temperature exceeding 
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4; Feathers were singed instantly, and matches lighted at .the 
same place. * 

Gunpowder inflamed readify in various parts ,of the flow pipe, 
Mid on the expansion pipe. 

6. Blocks of wood, of five different species, were charred : from 
the deal wood the turpentine issued profusely. 

7. Other combustible materials were also severally much 
charred. 

II. C/ass of experiments, iviih ilic mfilwrier circulation. By 
this change a greater pressure was immediately observable, as ike 
expansion pipe and several of the* Joints emitted steam, and ad- 
milled the esgape of W(^cr. 

1. Cane shavings, on the pipe . abc^'c the furnace, rftadily in- 
flamed. « 

2. Lead melted at the same place; and the temperature must, 

thcreiore, have exceeded 612® *■ 

3. Different wood shavings inflamed jn the upper pipe. 

4. Cotton ignited freely at the same place. 

5. Matting inflamed at the same place. , 

6. Colton, hemp, and flocculent matter, collected from Mr. 
Schunck’s fustian room, ignited on the returning vertical pipe. 

7. The blocks of wood, tied to dififerent parts of the tube, were 
much acted upon and charred in a very short lime. 

Observing the expansion pipe to be in a state of^considcrable 
agitation, and warned of an explosion, the temperature was re- 
duced, and the experiments were, for the lime, suspended. 

The pipes having, before three (/clock, been refilled and screwed 
up, for the express purpose of an explosion, the following experi- 
ments were made in the progress of the preparation , — 

1. Mungeet was readily ignited. • 

2. Different sorts of paper and pack thread were destroyed. 

3. Bismuth fused instantly. 

4. Cotton inflamed. t ^ 

5. Sheep's wool became speedily charred. 

6. At five o’clock, the sheet lead, aflixed to the*upright pipe, 
freely melted, ^ steam issued violently from the bend in one of the 
upper horizontal pipes, and, in three minutes afterwards, the ex- 
plosion occurred in the furnace pipe, at the top of the seventh coil, 
which presented, on subsequent examination, a lateral aperture 
about two inches long, and about one-sixteenth of an inch broad. 

In the lapse of two or three minutes after the commencement, of 
the explosion, the furnace was entirely emptied of its eoD|gnt8, 
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which were propelled, in a divergent direction like one mass of 
lire, so as almost to fill ihe apartment. The force with which the 
ignited embers rebounded from t^e opposite wall, and other ob- 
structions,, occasioned them to scatter in profusion like a shower 
of fire over every part of the place. The noise was so great as to 
bring to the spot a multitude of people from the adjoining streets. 
A number of articles in the shop, as, for example, packing cloth, 
paper, and hemp, were subsequently found lobe on fire indifferent 
parts of tlic premises. 

These appearances, and their immediate effect, seem to have 
been precisely^ similar to those which are said to have been witnessed 
at the explosion in the warehouse of Messrs. Crafts and Stell, and 
would, evidently, have been adequate, in the same situation, to 
t^Toduce all the consequences. * • 

It may be here obser^cl that the experiments clearly prove’ 
that the heat, in Afferent parts of the pipe, is not uniform* 
Crenerally it is greatest at the highest elevation, where its su- 
perior temperature appears to be of the longest duration under 
ordinary incidental changes. At the cuminencemcnt of the 
operation, however, and a sliort time “after fresh fuel had been 
applied, the temperature was highest in the flow-pipe contigu- 
ous to the furnace. Another circumstance, likely to produce an 
inequality of heat, may be adverted to : the tubes are far from 
being of uniform internal diameter ; the consequence of which 
must be, that as the same quantity of water has to pass, in the 
same time, through every part of the apparatus, the liquid 
must inov^ with greater velocity at one place than another, and 
thus, from obvious causes, develope a greater quantity of 
caloric. The difference is sometimes so great in the relative 
bores of the tubes employed, that in some which were examined, 
one tube had an internal diameter of 9-l6ths, and another of 
fths of an inch, that is to say, in the ratio of S to 4> : or, taking 
the relative areas or sections of the tubes, which represent the 
relative quantities of fluid contained in a given length, in the 
proportion of 9 to l6. I’hus, taking the velocity reciprocally 
as the section of the pipe, the velocity of the water at one part 
of the appar^us being represented by 16 feet, the velocity in 
another part would be 9, or th^ rapidity of the current would 
be at one place nearly double that which it was at another. 

It is stated, in a work recommending the Hot Water system, 
that the application of heat fills*’ the ascending or flow-pipe 

with minute bubbles of steam which rise rapidly to the upper 
part of the tube, and become there condensed into water 
again : now, as condensed steam, wherever it occurs, produces 
about seven times as much heat as the same quantity of water 
at the same temperature, we have, at once, a reason for the 
Jieat of the pipe being generally greater at a distance from the 
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furnace than contiguous to it. This apparent anomaly, which 
has been repeatedly observed and denied, admits, therefore, of 
an easy explanation. . i 

The explosion may, under different circumstances, occur 
from various causes. 

1. As water expands in bulk about five per cent, from 40®, 
its point of greatest density, to 21^®, the boiling point, the ex- 
pansion must be very considerably more when raised to high 
Jrmperatures. Jf, therefore, the pipes be nearly filled with 
water, and the expansion pipe not adequate or in proper condi- 
tion, an explosion must be inevitable. 

g. The conversion of the water into vapour, producing an 
expansion which is in the proportioi* of a pint of "water changed 
into 21 6 gallons of steam, -with a mechanical force sufficient 
to raise a weight of 37 tons a foot 'high,’' must present a pres- 
sure upon the tubes sufficient to ensure their* destruction. 

S. It has been observed, as an ordinary Recurrence, by those 
accustomed to the apparatus, that, in some cases, a (piantity of 
gas is generated, and has been found to^escape, in considerable 
quantity, when an aperture is made in tlie uprer part of the 
pipes. The only gases which could be thus obtained are the 
elements of the water, oxygen and hydrogen. 'I'he foVmer 
would, probably, be taken up in the oxydation of the metal. 
Now the hydrogen gas, which would remain, has never been 
deprived of its elasticity, and never made to change its state, 
by any compressing force hitherto applied. It is obvious, 
therefore, that inevitable danger must arise froiv its pro- 
duction. 

4. The last source of explosion to which it is necessary to 
refer, arises from any casual imjiediment in the pipes ; and it 
is freely admitted that in frosty weather sucli an impediment is 
likely to occur: it has been found to result from other causes, 
as in the case of extraneous matter accidentally getting into the 
pipes, an example of which was recently presented in the esta- 
bliahment of Messrs. Wood and West heads. 

In a very obliging letter received, in the couri^e of the inves- 
tigation, from Sir Bobt. Srairke, it is stated that, though he has 
** never seen the pipes heated sufficiently to ignite wood, ex- 
cept on one occasion,*' yet, ** if a fire is incautiously x.iade when 
there is a stoppage in the pipes from frost or other accidental 
cause, the pipe 4rithin the furnace may be burst or made red 
hot near the furnace. 1 have known the pipe,” he adds, « so 
heated only in one instance, when the red heat extended to a 
distance of upwards of .12 feet from the furnace.” 

Sir Robert concludes his letter by suggesting a {protective 
modification of the apparatus. Therefore,” he observes, " 
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prevent the risk of fire to a building, I would never place the 
furnace in a room or cellar that is not fire proof, nor would I 
have the pipes in any part of tl^ir circuit in actual contact with 
wood or other combustible material. Security,*’ he continues, 
is still more effectually attained by having a safety-valve upon 
the pipe near the furnace, by wliich explosion or excess of heat 
would be prevented.*’ 

That which has happened once, may, under the same cir- 
cumstances, happen again. The exclusion from actual contact 
with coinlmstible materials, could it be permanently ensur^, 
would, when the red heat extended along the pipe upwards 
of twelve feet, afford, at least, very reasonable grounds for 
apprehension. 

On this system of warming builcHngs, therefore, danger 
must h^ produced frojp either negligence in the feeding of 
tlic furnace, or ai^ stoppage in the pipes : the former evil may 
})c obviated by pro|>er })recautions ; but the latter, occurring 
unexpectedly, exist^^ unobserved, and precaution and care must 
be ecjually unavailing. 

Signed, JOHN I^AVIKS, 

GEOllGE VARDON RYDER. 

• 10//p March 3 Iftll. 


• APPENDIX A. 


Manchester t February 11, 1811. 

TO THE DIRECTORS OF THE MANCHESTER ASSURANCE 
COMPANY. 

Gentlemen,— Having been requested to state, iu writing, the 
substance o( certain inquiries which I have been led to make into 
the subject ol'fire, as occasioned by the use of Mr, Walkers patent 
j)rpcess, of hewing apartments, bv means of hot water pipes, I beg 
respectfully now' to lay before you the following report: — 

The hiist instance in which my attention was aroused to this 
danger, was at Birch Chapel, Rusliolme, on Sunday, the 27th of 
December last ; the floor, which is of oak, had been dining the 
day, on fire, at the distance of several yards from the furnace, which 
is in a shed outside the Chapel; and I then expressed iiiy 
conviction, that it had been caused by the hoi water pipe which 
rested on tlie floor of the pews ; and I believe the churchwardens 
have siifce been of the stime opinion, though the more important 
i^ucstion, how the pipe became so heated, still remains matter of doubt. 
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The next place to which my attention was drawn was Messrs. 
Barbour and Brothers' warehouse in Portland-street This was on 
I’uesday, the 9th inst., when I jj^eard that it had been on fire, on 
the previous day, from some irregularity of their 4iot-water appa- 
ratus ; and in conhimation of this report, I found that the ware- 
house had been on fire in not less than four diflerent places at one 
and the same time, aud in such parts as led me to the conclusion, 
that the hot-water pipes had unquestionably been the cause. On 
a personal inspection of tlie warehouse, and on examining the 
d^/lerent persons employed therein, as well as Mr. AValker's super- 
intcndant, (Mr. Walker being himself out of town,) I ascertained 
that the furnace wherein the coil is heated, is fixed in the cellar, 
from whence the heated water ascends, by what is called the flow 
pipe,*’ perjiendicularly through the next, or first story, into tlic 
second, where^ after trav^ellitig to the expansion pipe, it flows on 
by what is called the relnrn pipe,*' reality ih^ same,) 

round nearly two sides of the room, and descends into the first 
story, where, after travelling about the same distance, it ultimaiely 
returns into the cellar, to the bottom of thc\ coil in the fimiace, 
where, being heated as before, it rises again, and takes the course 
above described. All this is supposing, least, that the apparatus 
is acting correctly, and as intended. 

1 had, yesterday, occasion to inspect a stove in Gcorge-s/rect# 
Chapel, Strangeways, where I found that hot-water pijies had been 
in use, and on a close examination, I found iho floor, in stn’eral 
instances, charred black ; but how long ago this may have been 
done, I could not ascertain ; and the pipe having burst, some lime 
back, the apparatus has not since been used. 

Understanding from Mr. Morion, that there had teen some 
alarm created at the Natural History Society’s Rooms, in Peter- 
street, I this morning visited that building, and tound, that on 
Monday last, the malting on the floor of one of the rooms in the 
third story, had been so charred by the hot-water pipe as to require 
to have a portion cut off. This charred part Mr. Morton now has 
in his possession. The floor, also, at the same plabe, appears to 
have been scorched, but so far at least, as 1 was able to examine 
the rooms, I did not find any other similar effect. The two fur- 
naces in this building are in the cellar, and I understand, that on 
the pipes being afterwards opened-by Mr. Walker’s ihen,a considijr* 
able quantity of strong gas w^as emitted ; and the water, when 
pumped out, was very black, but bore no indication of, the pipe 
being rusted. Mr Walkers inanauer says, that the gas found in 
these watfer pij>es,«will readily ignite, if a light be applied to the 
aperture through which the gas as emitted. 

Being myself unable to account for these fires occurring at so 
great a distance from the furnace, as was the case at Mr. Barbour’s 
warehouse, above alluded to, 1 asked Mr. Walker’s manager for 
some explanation, but when questioned yesterday, on the*subject, 
be seeing unable to account, satisfactorily, for the peculiar manw 



483 


On Warming Buildings hy Hoi Water, » 

iier in which these different fires had been caused. He, however, 
distinctly stated, that he has, in company with Mr. Walker, seen 
experiments tried at the works, i^on pipes of this description, when 
they found, that the pipes may easily be made, if not of a red 
heat, at least sufficiently hot, to ignite any combustible matter 
that may be brought into contact with them, and that this effect 
may be produced, simply, by putting an additional quantity of 
fuel into the furnace. 

The only conclusion which I have yet come to, under all these 
circumstances, is that the ])ipcs have been so overheated by tllbir 
contents, as to cause ignition to the combustible materials surround- 
ing them, but how this actually takes place I do not attempt to 
explain. • 

I remain, Gentlepen, 

» Your very obedient Servant, 

^ ■ G. V. EYDER. 


Al'PENDIX B. 


Ileportf and Replies to Questions put hy Mr. John Davies^ in reference to the 
Hot Water Pipes lately removed from Stranyeways Chapel. 


aUESTION. 

1. When applied ? 

2. How long used ? 

3. Inconvenience experienced? 

4. Reasons Tor discontinuing 
them ? 

5. Appearances when the pipes 

* were removed ? ^ 


ANSWER. 

In 1839, from WVker. 

Barely two years. 

Deficiency of Heat, great con- 
sumption of F uel, and offen- 
sive scent when heated. 

Want of sufficient Heat, the 
bursting of the Pipes, and 
the danger apprehended. 

The Floor underneath the pipes 
much charred, in some places 
nearly burnt through. 


OBSERVATIONS. 

• 

These pipes were upon the high pressure plan, and were 
found very unmanageable ,* the offensive scent of the combus- 
tion of Wood occurred to such a degree as to cause the congre- 
gation much annoyance ; causing many to cough, &c. The 
floor Appeared to be most burnt where the joints occurred. At 
# present the Committee are trying two of Amott’s stoves. 
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The Chapel -keeper will show Mr. Davies, if required, the 
effect produced froui using the pipes ; the charred appearance 
is general, and the Committee think that the Chapel has had a 
fortunate escape from being burnt down. 

JOHN llAWSTHORNE, 

], Claremont Terrace, Slrmfjeways, 

Feh. OTith, 1841. 


W hen Mr. Davies had concluded reading the joint report of 
liimselfand Mr. Kyder, with some additional observations of his 
own, the Chairman said, the meeting V'as much indebted to 
those gentlemen for their highly interesting^ important, and 
vnl Liable rcjiort, and for the scries of experiments detailed by 
Mr. Davies, wliich w'cre full of* fiighly interditing matter. In 
answ'cr to a question, Mr. Davies staled, tliat the internal 
diameter of the pi]ie with which the Experiments had been 
tried, was half an inch. 

Dr. Black asked if Mr. Davies had ascertained that wdter ' 
was really decomposed in any of the experimenfs 

Mr, Davies said, he should have much liked to ascertain 
that ; but, though -no opportunity w as afforded him of doing so, 
he had no doubt of the fact, passing as tlie water did through 
nearly red-hot iron pipe. It was a common lecture-table expe- 
riment to show the decomposition of water, and the formation 
of hydrogen, by passing it over red-hot iron. 

A Gentleman asked if the pieces of grooved wood on the 
table were grooved before tlicy were applied to the pipes ? 

Mr. Davies said, they were slightly, in order to fasten them 
to the pipe ; but the grooving had been consideralJly deepened 
by the charring. 

The Gentleman asked if the distances of these pieces from 
the furnaces had been noted } ^ ^ 

Mr* Ryder : One was about 12 feet ; the other about 76 
feet from the furnace ; the total length of the piping being 
about 140 feet. ^ 

Mr. Hopkins wished to ask whether steam was formed in 
these experiments, and, if so, to what extent. It was known 
that the formation of steam was checked by pressure, and there 
would be great pressure in the force of water, which would 
tend to prevent the formation of steam. 

Mr. Davies said, that the pipes were never completelj? filled 
with water, a ceitain allowance being made for their expansion ; ^ 
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and if that allowance were not made, an explosion would occur ; 
and this allowance permitted steam to be generated. That 
steam was actually generated, they had a good opportunity of 
judging; for, pear the close of* the experiments, steam issued 
very clearly from various joints in the pipes. 

Mr. Hopkins said, that steam would be formed wherever 
tliere was an aperture, with the water at so high a temperature, 
on its communicating with the external atmosphere, was clear ; 
but the formation of steam within the pipe, supposing it to be 
entirely filled, would he presumed be very slow. It ap{>eareddLo 
him desirable that that point should be considered, because the 
probability was, that, if steam were formed in the upper part of 
the pipe, the explosion would take place there, and not in or 
near the furnace. 

Mr. pavies said, that under the condition Mr. •Hopkins sup- 
posed, the pipe being Aitireiy filled, there was not a possibility 
of steam being pftduced. Of this there was a beautiful illus- 
tration in Pappin's digester, in which water might be rendered 
absolutely red hot, and no steam was generated during the 
time. 

Mr. P. Cltire apprehended, that, if the pipes were not com* 
pletely full, steam would exist under any circumstances, and at 
*alm*05t any temperature. The actual quantity of steam remain- 
ing in the pipes would be diminished by the expansion of the 
water contracting the space which the steam might occupy ; 
therefore, he thought it hardly safe to go upon the presumption, 
that no steam would be generated under the circumstances in 
which th#se pipes had been placed. With respect to the effect 
produced by these small pijies containing water being heated 
to a high temperature, to which the public attention had not 
been called till lately, he might mention, thcat, as long ago as 
April, 1823, in the Annals of Philosophy, was published a 
statement of the manner in which Mr. Perkins heated the boiler 
which he used as his reservoir, for the water which he heated, 
to a high temperature ; in which article it was stated, that he 
went upon the presumption, that water might be heated till it 
was red hot. Now, although no experiments that he (Mr. 
Clare) was qnvare of, had been made to prove that water ever 
hhd been made red hot, there #ere cases in which the pipes had 
been filled with the water, and the coil in the furnace had been 
heated fed hot. In that case, the decomposition of water 
would take place ; die hydrogen would be set at liberty, while 
the oxygen would unite with the iron pipe ;*and, in that case 
it was easy to conceive how hydrogen gas might be generated 
in the pipes, and, when they were opened, it would escape ra- 
pidly* It appeared, from the report, tliat the joints of the 
pipes were liable at times to allow steam to pass out. He ap- 
prehended thet ^euld he Irom the water^ >vhick^ on being 
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exposed at a high temperature to the air, immediately formed 
steam, and 'Was seen ]>assing off from the joints. hen that 
took place, the space which that water occupied in the pipes, 
would either be supplied by the expansion of thcrwater remain* 
in^ in them, or by the generation of hydrogen from the decom- 
position of the water ; or, it might be, that steam might exist. 
As to the danger of fire from high temperature in the pipes, he 
should have been glad if there had been any account of experi- 
ments to show at what degree of temperature wood became 
cl^rred ; wood itself^ when perfectly dried, being nothing but 
two atoms of water combined with three atoms of charcoal. If, 
therefore, wood were exposed to a moderately high temperature 
for a considerable time, it was very probable that these *two 
atoms of water would be driven off- and nothing but the char- 
coal would remain. NoW, charcoal was subject to spontaneous 
cximbustion ; and it was a question, witl)^, him, whether k much 
lower temperature than is ordinarily require^, if applied for a 
considerable time to charcoal, would not set it on fire. It be* 
came, therefore, a matter of considerable imfjprtance, in passing 
these pipes along buildings, that they should not be brought 
into contact with any combustible materials ; for the aame rea- 
soning might apply to any other combustible material, as well 
as to wood. If Mr. Davies was prepared to show at what 
perature charcoal would take fire, he would greatly contribute 
to benefit the public by the communication. 

Mr. Davies was sorry he had not with him a table shewing 
at wHat temperature wood became charrt^d ; it was not a very 
high temperature, but the exact degree had escaped liira. 

Mr. Richard Roberts of the firm of Sharp, Roberts, & Co.) 
said, he had very frequently observed that wood became charred 
at a very low temperature, as he had seen in connection with 
low-pressure steam engines, at say 51b to 61b pressure to the 
square inch, at a temperature of not more than perhaps 212^. 

Mr. Hopkins asked whether it did not require a considerable 
time to efifecst that charring ? 

Mr. Roberts. — Yes. 

Mr. Hopkins.— That corroborated Mr. Clare’s stgtement, that 
it was probably a drying procesilt • 

Mr. Clare said, he did not allude to a drying process, but to 
the state of wood after it had become perfectly dry. ^ 

Mr. Hopkins aaked if Mr. Clare meant that, on the two . 
flftotns of water being driven, off, combustion took plac4? 9 

Mr. Clare said he mei'ely ofiered it as a suggestion as probable 
that it would ignite after long exposure in that state to a 
moderate degree of heat. 
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Mr. P.H.Holland apprehended that what Mr. Clare had said> 
referred, not to drying, but to the supposition that even a 
moderately high temperature would be sufficient to effect the 
decomposition 9 f the elements 6f which wood was composed. 
The question immediately before the meeting was, at what heat 
would the charred wood ignite. A temperature not very much 
less than red hot would be required to ignite the charcoal so as 
to make it bum, but that would not be exceedingly dangerous ; 
and a still higher temperature would be required to make it 
burst into active flame ; and he thought there was no instance 
mentioned, in the reports of any dangerous fire, resulting from 
heat communicated from the pipes themselves. 

Mr. Davies said, that he and Mr. Ryder had found, in the 
warehouse of Messrs. Barbour, Brothers, that thick pieces of 
wood, the legs of large tables, contiguous to the pipes, but very 
far fronf the furnace, li%d been set on fire from the pipes, and 
pieces of smaller isagnitude were found to be on fire at different 
times. 

Mr. Holland sai(f, that besides the difference of temperature 
in the pipes, resulting from the distance of the furnace, there 
would appear to be other differences resulting from the internal 
diameter of the pipes. 

■ * Mt. Davies. — That is the speculative part of the paper. 

Mr. Holland. — This, as a matter of speculation, he thought, 
was much more interesting than many other points. He had 
made the same suj^position as the reporters, that it depended 
upon the different diameter of the internal parts of the pipes; 
but, whil«*they attributed it to the greater velocity of the liquid 
at one place than another, he thought it was owing to the thin- 
ness of the metal in some parts, as compared with others. 

Mr. Davies. — The metal is nearly uniform in thickness. 

Mr. Holland. — That could hardly be, if, as was stated, the 
external diameter was about an inch, and the internal diameter, 
in some cases, 9~16ths, in others, i2-l6ths, or three quarters of 
an inch. In some cases, then, the thickness of the metal would 
not be more than 4-l6th8, or a quarter of an inch ; and if the 
water in th^ exceedingly thin piece of metal were as hot as 
malted lead, it followed, of coufse, that the external temperature 
of the metal there would be considerably hotter than where it 
was 9-l0^hs. Now iron was a bad conductor of heat. Every 
one acquainted with steam boilers knew the great difference of 
temperature between the external surfaces m the metal, and 
that internal surface next the water; and it was always considered 
desirable, on this account, to reduce the thickness of steam 
boiler plates exposed to the fire, as much as was consistent with 
safety. * He thought, therefore, it was rather from the difference 
gf temperature in the metal itself, from variation in thickness, 
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than in the water itself^ that this different temperature took 
place. It might be thought contrary to this supposition^ that 
the wood was most charred at tlie joints, where the pipes 
appeared to be of double thickViess ; but it wa^ in appearance 
only, and the fact was that the wood was most charred where 
pipes rested on the floor- 

Mr. Davies said, in the very ingenious remarks of Mr. Hol- 
land, the very datum upon which all his reasoning rested was 
entirely destitute of foundation, viz. that iron was a bad con- 
dretor ; for in fact it was an excellent conductor. 

Mr. Holland said that iron was kno'wn to be a worse con- 
ductor than coi>per, and copper did not conduct so well as 
moving water- Iron did not conduct through its substance 
with any thing like tlv5 rapidity of co]>per, and spe^aking as 
amongst metsfls, iron was a bad conductor. ^ 

Mr. Davies said, that, as to the coiiductiryg: power of water. 
Dr. Prout had drawn the distinction between tlie conveyance 
by motion and the conducting throughout the particles of a solid 
body, calling the latter c07iduction, and the former convexion. 

Mr. Holland said, that he knew irosf was a better conductor 
than wood ; but he would appeal to those %vho had made or 
repaired locomotive engines, if they did not find that w.bere' 
the copper was thicker, as the heads of rivets, or in thickened 
double tubes or plates, they were liable to be burnt on the out- 
side, because they became so hot, though the water inside had 
a pressure of 40Hi or 50ll>, proving that the copper outside was 
very much hotter than inside. If this were so, it shewed that 
copper was a bad conductor ; and as it was a better* conductor 
than iron, his assertion that iron was a bad conductor, he 
thought, was borne out by fact. 

Mr. Davies, said, this was fiction against fact, to all intents 
and purposes. Every one knew the ordinary experiments of 
the lecture table, where a series of bars of different metals were 
put with a small piece of phosphorus or wax at the end, and a 
lighted taper was applied four or five inches from the extremity, 
on which the phosphorus took fire, or tlie wax was melted, 
showing the rapidity of conduction. There was in iron the 
property of uniform diffusion: V.nd if the internal portion of a 
pipe twenty inches thick were made red hot, it would very soon 
be red hot outside. < 

Mr. William R^d would like to know the practical bearings 
of the subject upon all those buildings in which this mode of 
beating was adopted i whether it was considered so safe as to 
allow of insurances being efiected upon them, upon principles 
similar to those before employed : and he would also ask 
whether this admirable system of heating could be so: far de^* 
prived of ite dsngerous tendency as that it could stiU be en^ 
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ployed in the warming of buildings, without the possibility ot 
those dangerous results to which — which nobody could deny, 
after the interesting and itnportdnt experiments of Mr. Davies— 
it was exceed in*gly liable. It became a matter of very serious 
question to al) who had rniw their manufactories, places of 
business, workshops, and large apartments heated in this man- 
ner, whether so rie such plan as tlie following might not obviate 
the difficulties ; —If the steps or sleepers in which the pipes 
were now laid, were composed of iron, or any metallic suy« 
stance 80 well capable of conducting heat as iron was, it was 
clear that the amount of risk was increased by those sleepers ; 
but if com])osed of incombustible substances, incapable of con- 
ducting heat, as, for instance, some of the stone with which 
Afr. Davies was doubtless acquainted, *80 as to jarevent any 
contact yith wood or other combustibles ; «nd if also such a 
sifety- valve could be ns?d as ‘would be a security for the circu- 
lation of the hot flifid within the tube, and to prevent danger 
from the malignant feelings of persons employed, he thought it 
became an object ot*the highest importance for scientific men 
to provide means by which these great evils might be obviated 
in every possible wav'. * 

Mr.».lereiniah Oaniett was afraid, that no sucii expedients as 
flmse "suggested by Mr. Read would rend(T this means of 
wanning buildings safe or tolerable ; because, though the pipes 
<lid not come in contact with any timber, yet at all tinies 
combustible substances were apt to be laid in contact with 
them. A pipe passing. through the rooms of a w arehouse filled 
with goods, •might at any time have a pile of goods laid upon 
or thrown against it, and very great danger would result from 
tliat, if these pipes were permitted to be heated to the degree 
of which it was shown they were susceptible. It seemed to 
him, that by no means could this class of pipes be rendered 
safe unless some means w^ere adopted to prevent the temperature 
from rising to th^ dangerous point ; and that he thought would 
be best effected by having one part of the pipe composed of a 
metal that would melt at a heat below that at which it began to 
be dangerous. Such part of the pipe might be made of bismuth, 
or of one of th^ mixtures of leacL tin, and bismuth, which melt 
at a ^ery low temperature ; and tlien it seemed improbable that 
any danger could arise from it, because, before the series of 
pipes was heated to the dangerous point, this part would melt^ 
the w^ater would run out of the pipes, and ther^ would be an 
end of the danger. Without that, or some such precaution, he 
thought it perfectly clear, both from these experiments and 
what had been previously observed, that no mode of warming 
buildings with closed pipes could be adopted by any man having 
the slightest regard for the safety of his property. 

Read said he had made his observations because this 
mode h.nl been extensively adopted ; and if, bv means of future 
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experiments by Mr. Perkins and others, any method could be 
discovered that might at all events greatly lessen the danger or 
the risk incurred, it would be desirable. He mentioned it 
with the view that this great system, which had b'eeii extensively 
adopted, might not, without further trial, he abandoned. He 
thought it too good a principle to be at once totally laid aside, 
without the best efforts being taken to make it perfectly safe. 

Mr. Gooch thought a safety valve w'oiild regulate the tem- 
perature at once, and j'arties could jmt as much pressure upon 
the valve as they chose ; and thereby have a fixed and certain 
heat, which could not be exceeded, as, at a certain point, the 
valve would blow' off. 

Mr. Davies said he bad suggested a safety valve at an early 
point in the ‘inquiry, as the most natural mode of }>revention, 
and the only one calculated to insurer any thing likd perfect 
safety ; but he was told it was utterly imposrible ; that contri- 
vances of that kind had been tried, and found utterly unavail- 
able. As to this mode of heating apartnm?nts, it appeared to 
him one of the most beautiful ever devised, and it was only 
under certain circuinstancjos that dang«S¥ could be apprehended ; 
first, when too much heat was applied, because then they bad 
seen by what had occurred here and elsewhere, what wa^ tl|,e 
inevitable result ; and, in the case referred to by Sir Robert 
Smirkr*, wdiere the pipe was red hot ai a distance of twelve feet 
from the furnace, it w’as obviously exceedingly dangerous in 
any place where there w’cre combustible materials. The sug- 
gestion of Mr. Garnett pleased him, because it accorded w'ith 
his own views. Dead would melt at a temperaturfe below the 
dangerous point. He proposed, therefore?, that one portion of 
the pipe, at its greatest elevation, should consirt of lead : and 
if it became heated above fOO^, the lead w'ould melt, and tlie 
dangerous consequences would be wholly obviated. When he 
suggested this to one individual practically concerned in these 
affairs, he had scouted it an an idea altogether inadmissible. 

Mr. P. Clare said, as to the application of pipes of metal 
melting at lower temperature, he thought ht? had hc?ard Mr. 
Perking say, nearly 20 years ago, that it was such a mode as he 
would himself recommend ak a protection ag'ainst bursting. 
One difficulty he thought existed which he did not see how to 
overcome, via;. — making use of such small jiipes cto convey 
water at a low temperature, would not warm the air and the 
walls ; and unfess water were conveyed through such pipes at 
a high temperature, it would be wholly ineffectual for the pur- 
pose. 

Mr. JEaton Hodgkinson asked vrhether any one had suggested 
the use of sheathing or a larger thin metallic pipe to surround 
the small one, which, while the surrounding air would \>c 
heated, would probably prevent all danger. 
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Mr. Davies said there would be this objection, that the water 
pipe within the larger pipe would be of course enclosed in a 
volume of air, which was one of the worst conductors, and thus 
the object of the apparatus would be entirely frustrated. 

Mr. E. Hodgkinson said the pipe or sheathing* might be per- 
forated. 

Mr. Davies said he agreed with Mr. Clare, that in these small 
pipes a low temperature would not give sufficient heat. 

Mr. Garnett thought that was by no means conclusive agaixiSt 
the use of this kind of apparatus, because there was a point at 
which the temperatnre, was actually safe; and, as experience 
showed, under ordinary circumstances was sufficient for the 
purpose of warming. Tliat temperature jwas considerably above 
that of boiling water ; yet it was obvious from man^ pipes never 
having t)cen raised to « dangerous height, that, provided it 
coultl be prevcnto^being raisetl beyond the safe point, it might 
still be raised to a heiglit sufficient for the purpose. If there 
were something to aillow it to rise to 400“, but to prevent it 
rising to any thing like OOO®, the danger would be prevented. 

Mr. Hopkins thought they were met rather to receive infor- 
matiow as to what had taken place, than to suggest remedies in 
this stage of the inquiry. He was desirous of knowing whether 
steam was formed in the upper part of the tubes, because it ap- 
peared to him that if it formed there, a safety-valve would allow 
the steam to blow off. 

Mr. P. H. Holland asked if Mr. Davies was aware at what 
temperatur# water began to be decomposed. His own opinion 
was, that it^as decomposed at all temperatures above the 
boiling point, perhaps lower ; but he could not call to mind any 
experiments. 

Mr. Davies said he did not know whether the lowest tem- 
perature at which water became decomposed had ever been 
ascertained. * • 

Mr. Garnett asked if Mr. Davies had observed thes tate of the 
coil shortly before the explosion, as to its appearance with 
respect to redt^ess ? 

Mr. Davies said they had examined the coil repeatedly before 
they got near that state ; but when the whole became ready for 
the explosion, and the door of the furnace became red hot, they 
thought “ the better part of valour was discretion.” — 
(Laughter.) They had never seen the coil really red hot. 

Mr, Garnett said he had asked the question, because told by 
a man at Messrs. Barbour's, that he had seen the coil red hot ; 
and it was stated also, by a workman of Mr. Walker, that he 
was satisfied it had been red hot at that warehouse. 
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Mr. Ryder said he had seen that many of the coils had been 
red hot ; but whether at the time in question, or some other, 
he could not say. One iiuport?ant thin^ they noticed, which 
Mr. Davies had not alluded to— viz., that thf'se pipes bcin/r 
united by ^ort of nut, they found in severrd instmces tfiat thi 
heat (lecidc lly g;i\ ’ ' on :’iat side the joint where the 

water dowed, tir n on the (.teer, xvithin v distant’^ of six t»r eii;lit 
inches, d ho pi^te dnring tlj . luuvt h:iv(.* bnlj^cd ki 

(\jl|hich found iiad Leon th'‘ ca^e with some of them) and, 
they found a:i additional })res'«ure there. 

Mr. Garnett inked if they ii.id tried it so far as to say whether 
that was universally or usnally the cast ? 

Mr. hyder said they jiad not, but tliey found it so in several 
instances. * 

Mr. Davies added, that tlte difrert‘iice\)f temperature was very 
great at very short intervals. 

Mr. E. Hodgkinson asked whether the |^pe was ob'^erved In 
be as hot on the under side as the top, and w'helJier tlic charring 
took place to the greatest extent wlien the article was laid upon 
or placed below the pipe. ^ 

Mr. Ryder said, he had found once or twice, tliat thd^pipj? 
would freely ignite gunpowder at the to}>, and woiiid not under-' 
neath. 

Mr. Hodg};in.son said so he conceived, ami it might be 
doubted w’heiher there was not a small film of steam genercaled, 
of extreme density, occupying the top of tlic pij'c. ^ 

Mr. Davies said their attention had been jnor^ called to the 
circumstance, because Mr. Mkalker’s i’orcmari had conceived that 
the under .surface was a great deal hott< r than ihc upper. \Vhen 
combustible substances were placed round the pipe, they found 
that they entered into a state of combustion nearly equally all 
round. 

Dr. Black asked at what temperature lead melts. 

Mr. Davies. — About filS'^. 

Dr. Black. — Then he did not see why these pipes might not be 
made totally of lead. A heat ^f 400*^ would be sufficient to beat 
any apartments, how'ever large, as he knew, having once fitted up 
in a dwelling house a pipe from the kitchen fire toibent water, 
li a Iteight of three stories, for a bath. He placed an iron coil 
:.n t!xe kitchen fire; and at six inches from the fire he joint d it 
with lead ia[)e, and Iiad a current up and dowm tlirough the 
kitchen lire. He f.und the heat sufficient in the hath, [)ei’h:ips 
;i0 feet above the kitchen fiie. He would suggest the adoption 
of a safety-tube at the highest part of the pipes carried to any 
height desired, and open to the atmosphere, which would 
regulate the heat, and with free communication with the alilloB- 
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phere, no injurious pre:ssiuv could take place. In order to 
dirninisfi the temperature to th<? safe point, the coil in tlVc fire 
need not be Inade so long or so large, and then the he^t 
would not rise to a degree verging towards txplosion. The 
safety tube would obviate the collection of steam in any part 
of the pjpe, because, b:’ing elastic and light, it would ascend 
t« the higher part of the jiipes, and escape through the safety 
tube. He conceived that steam generated in any jairt of tiie 
pipes, usually at the joints, would act as an obstructing body, 
and jirevent tlie ascent of tlie Water through the pipes if there 
was no safety tube to hlFord a vent to the steam or gas. He 
thought the report so complete, and the experiments so satis- 
factory, that the public must be satisfied of the dangerous 
nature ^f these pipes as at present constructed: 

Mr. Davies saidjjtherc was this objection to Dr. Black's inge- 
nious plan, that if tlie pipes were left open, or had free access 
to the air, they woiiyi, in a comparatively short time, become 
totally emptied, and there would remain no water to circulate. 
They had found that even the expansif^n pipe blew off the steam, 
and assumed an oscillatory motion; and that a joint at the 
very bottom of the pipes, screwed very tightly, allo\vcd the 
steam* to escape, as it also did from other parts of the pipes. 
They had reason to belli* ve, before those exyieriments were com- 
pleted, that a considerable quantity ol’ whaler had escaped ; and, 
if an aperture, however small, allow’ed the steam to escape, ar: 
apparatus such as Dr. I’Kiek described, would allow the whole 
ofthe w'^atei’fto escape in a few' seconds. 

Mr. llydcr said, tliat a few nights ago lie took a short length 
of one of Mr. Walker’s pipes, and had it filled wdth water, and 
screwed up, with a piece of wood in it, in the form Mr. Walker 
united all his joints, by a cone ; and he subjected two of these 
lengths to the heat of a blast furnace. One blew up immedi- 
ately ; tlie othei* was red Iiot, and remained so for nearly an 
hour, during wliich time they did not think it safe to go to it. 
1’heu it was cooled ; and, when they came to unscrew it, 
there was a strong steam issued from it, just during the few 
minutes it took^to unscrew it ; aiwJ, when opened, the pipe was 
foun^ })erfect;y dry, and the wood was converted into a small 
quantity of ^Iry charcoal not enough to Iiave filled a child’s 
thimble. 

Mr. Hopkins asked, whether a warming apparatus similar to 
that described (Mr. Perkins's) was not employed by some par- 
ties with certain modifications ? 

Mr. Jeremiah Garnett said, there were hot-water pipes of 
much larger diameter, with one pipe open to the air ; hut they 
were on a totally different principle, and it recpiired pipe3 of i: 
muc^ larger calibre to produce the requisite teiut'Ci’^'ture. 
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Mr.^ James Woolley asked> why such a safety tube as that 
proposed by Dr. Black could not be secured by means of a 
column of mercury. 

Mr. Jeremiah Garnett said, that was only another mode 
applying a safety valve. 

Mr. Davies said, thAt a column of mercury of about 30 inches 
^%puld be required to counterbalance one atmospheric pressure ; 
but, at one period of their experiments, they had a pressure^ 
equal to 75 atmospheres. 

Mr. Fothergill said, that Mr. Roberts (of Messrs. Sharp, 
Roberts, & Co.) had once fitted up two r(>oms with wanning 
apparatus. 'J^Ie had a*' long cast-iron jar of four to six indies 
diameter internally, with a coil of pipes in the furnace simil;jr 
to diose made by Mr. Walker; and this apparatus was tried 
for tw’o successive winters, but tlie heat from the [>ipcs was 
not sufficient to warm the iw'o rooms, and, from that and other 
reasons Mr. Roberts removed the pipes, and substituted steam 
pipes. 

Mr. Roberts said, his principal reas<,?^i for doing so, was, 
that in the first winter, w'hen the fire was lighted one morning, 
all the water was blown out of the rising pipes and out of tlie 
cistern, as nearly as possible. The return pipes bad got frozen, 
and it was a very hard frost when he had most wcasion to use 
the pipes. 

Mr. AlfVed Binyon felt compelled to give his reluctant te.s- 
timony to the accuracy of the experiments which Mr. Davies 
had detailed : he did so, because he considered the interests 
involved in this question were most extensive ; and, alter a 
practise of six or seven years in the use of these pipes, he 
might state, that, under bad management, they were capable of 
doing very serious injury ; but, under common and ordinary 
management, and if the parties having the care of the apparatus 
had proper instruction respecting its use, that danger, he ap- 
prehended, might be lessened in a very great degree. With 
respect to the use of another metal, introduced into .|>art of 
the circuit, he conceived tha^ that would in many cases prove 
utterly useless, because when the flow did not take place, he 
had himself observed, in one portion of the pipe,^rom ten to 
twelve feet of ^the portion of the apparatus nearest the furnace 
would become red hot, and on one occasion had had a narrow 
escape from fire, the pipe being too closely in contact with some 
timber near. He would read the observations of the watchman 
on the works at M^field, on that occasion, July 29 , 1838: — 

About a quarter to four o'clock on Sunday morning, a fire 
was discovered in the {ceiling or floor over the 'drug-room, 
occasioned by the heat of the flue and pipes. The firefc are 
situated in the drug-room for heating the block-printing rooxm 
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As soon as the lire was discovered, it was extinguished. One of 
the principal beams of the floor had become ignited : and 
there is not the least doubt, if the atmosphere had come into 
contact with the fire, a great conflagration would have befen 
the consequence at Mayfield.'* He (Mr. Binyon) considered 
this apparatus presented so many advantages, in reference to 
its neatness, compactness, and the salubrity of the rooms in 
which it was used, as to recommend it to attention ; and he 
should be glad if Mr. Havies would give any idea of iJie 
comparative cost of this mode of heating, and of any other. 
His own opinion was, that it was very economical ; and, though 
there was some failure, he thouglit we need not be unnecessarily 
alarmed with respect to tliis mode of Jieating buildings. 

Mr. V»arnett said it was very easy to use a portion of lead 
piping near the furnace^ and that was the position in which he 
should be disposcd^to place it ; then it would act as a safety valve 
either in cases of overheating or of obstruction. He did not 
precisely know at what temperature gunpowder explodes, or 
whether Mr. Davies and Mr. Ryder made any observations to 
show the actual temperature of any^^art of the pipes at the 
time dthey ignited gunpowder. Mr. P. H Holland thought 
•danger might he obviated by careful management and the use 
of the safety valve ; or, if not by that, by the application of 
Perkins's beautiful apparatus, the pyrometer. Other dangers 
had not been alluded to — those to the health of the inmates 
of buildings. When air was licated by any surfaces to a high 
temperature, it was deteriorated for the purposes of respiration, 
especially if the hot surfaces were liable to come in contact with 
inflammable materials, the decomposition by combustion evolving 
gaseous products. In open shops or buildings, this inconveni- 
ence w'ould not be so great, but in close buildings it was very 
injurious. Cases had occurred of this character — one in the 
Custom House,. London, and another in a public building in 
Olasgow, in which very serious injury and loss ot health had 
ensued. In the custom-house, the loss of health to the clerks 
engaged was distinctly and decidedly traced to the use of stoves, 
at a Hfemperature not much higher than that of those pipes ; and 
the mily remedy for this was to^eat the place with metallic or 
other surfaces, at a lower temperature than would be injurious 
to health ;#ind this could only be done by making the surfaces 
proportionally large. The plan of Mr. Hodglynson, of casing 
the small pipes in larger ones, would effect this object ; but it 
was perhaps better to have a large pipe alone, and buildings 
could be sufficiently heated by using large pipes at the common 
temperature of boiling water ; and, with a feed pipe, open to 
the air, tl^p temperature might be kept not much higher than 
the boiling point with perfect safety. They would be some- 
whfit more expensive than the small pipes, and would occupy 
"much more room ; but, though fliese were inconveniences, 
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thou^^ht their greater safety (anil it weuUl be it.ore cUfhcult to 
keep up a sufficiently rapid eur$er:t tlirougb a sujali pipe than 
a large one) more than counterbalanced these, and the conveni- 
entes were greater, for they effected the object of warming suffi- 
ciently, conveniently, healthfully, and comfortably In his 
opinion, for rooms in dwellings, the small pipes would never do, 
as regarded their effects on health. 

JMr. A. Binj'on said, he did not recollect anj*^ instance in 
which any of their w oikmen, who, for years, w orked daily 
in seven rooms wjjrmed by this apparatus, had suffered in 
health from any injurious iuMuence f)f the pipes 

Mr. Holland Siid, that miglit arir.e from the damp which 
pirevailtd in rooms used Ibr ca]i(\> printing ; lor moisture would 
considerably reduce the injurious^ effects on health. lleside.^, 
in sucIj w’^orks it wa.s necessary to ])rovjde ipeans for a c’harge 
of air, in order to the proper <lrying ; and this W’<)uhl aKo 
protect the workmen from deleterious effec^ts. But the whole 
of the clerks occupying one room in the I.rmdon (iistom hcfstofl 
by stoves, had been laid up at once, while other clerks under 
circumstances in all but this alike, wer^ no! ill ; and when 
this cause was removed, the clerks in this room w'ere ill ; 

and, therefore, the inference was, that the heating by sVovds 
made them ill. A similar case was mentioned !)y Hr. Ure as 
occurring at Gbasgow, and he and othe rs engaged traced it to 
a similar cause. 

Mr. J. H, Stanway said, that in the former case it w'as not in 
consequence rjf the air becoming deteriorated by tiv* action of 
the hot w’/iler pipes, that ill health arose ; but it was froni the 
air passing tlirough a hot copper. I he other case w as a fire- 
office, under the management of Mr. Beaumont, at the lower 
end of llegent-.'dreet i’he County Fire Office’*], and there 
the copper was made red hot. When Mr. Ferkins first made 
known his invention, he wished the temperatpre to be kept 
down to 350*^, which he thought a safe beat with respect to dan- 
ger, and also that it would not interfere with the salubrity of 
the atmosphere through which the pipes were taken. And he 
proposed, as one means of reducing the temperature to that 
point, that the coil in the furnace should be proportioned t<y the 
length of the pipe ; that no coil should be attached to a pipe 
which would allow of its acquiring a higher temperature than 
350^ when fully heated. 

Mr. Davies : one-sixth of the length of the pipe is his pro- 
portion for the coil. 

Mr. Ryder : the coil used in the experiments was rather less 
than one- seventh of the whole length. * 

Mr. Stanway though it should be known that these pipes had 
been so fixed as to do a greater amount of duty than was^re-^ 
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<«uined. Some ])arties wished to reduce the expense as much 
ji«< possible, and the erector was induced to put as short a length 
as possible. • 

The Chairman said, that as chairman he might be expected 
ti> say a few words, which he did with considerable diffidence, 
as the subject was one with which he was not practically fami- 
liAi*. it appeared to him, that pipes of so small a diameter, 
heated to so high a temperature, never could be rendered safe. 
A safety-valve applied anywhere but at the top, he thoughc, 
wouUl be inoperative ; for, as a matter of course, the pipe 
would give way where it was the weakest, and where it was 
subjected to the greatest pressure. Now, it was both weakest 
and subject to the greatest pressure in the coil ; for there, for 
every y^rd of perpendicular height, there was one* pound addU 
tional pressure upon every circle of the coil ; and the pipe would 
be the hottest, anri therefore weakest in the coil, unless some 
weaker point was made by the introduction of some metal that 
would melt at a lower temperature. He thought Dr. Black's 
remark a just one, that the generation of steam would prove an 
obstruction to the upward flow of w^ter ; because the pressure 
being less at the top, the steam, which would be kept from 
being evolved by the greater pressure below, would accumu* 
late at the top, and, having once been evolved, it could not be 
pressed downward. He knew, from extensive experience in 
water w'orks, that water pumped into the pipes conveyed with 
it some air, and that, in all elevated points of the pipes, that air 
would accumulate ; and unless it were permitted to escape by 
some confrivance, the flovv of water could not pass that point, 
but had a severe struggle with the air. In the pipes for the 
supply of Edinburgh with water, a person was employed to 
turn a cock, and to let the air out now and then ; but he (Mr. 
Buck) had obviated that by making the tap self-acting. He 
constructed a valve on such a principle, that, when in contact 
with the wat^r, it kept shut ; hut, w hen the air depressed the 
water, the valve opened. Such a contrivance might be applied 
to these hot- water pipes. A pipe, ascending a little di:r'tance 
above the highest point of the circulating pipes, containing a 
ball, into which a small quality of steam might enter, and 
allow the water to pass on, might obviate the difficulty ; and it 
might so contrived, that it should not necessarily open, 
except under the pressure assigned by the inventor, 350a If, 
for the sake of economy, it were desirable to continue this mode 
of heating, the introduction of some such contrivance would 
render the pipes considerably move safe. 

Mr. Hopkips asked if there was any objection to the use of 
large pipes but the additional expense. It appeared to hiin, that 
^11 the objects desired might be attained by making the pipes of 
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larger diameter ; and, if that was the only difference, it was better 
to incur additional expense, than run the risk of great danger to 
property and life, by fire or expldsion. 

, Mr. Ryder said that Mr. Perkins had made a number of expe- 
riments with that object in view, — to see if his pipes could be made 
larger ; and he found an inch pipe the largest that he could conve- 
niently bend cold for the coil and the different angles. • 

The Chairman said that, in an excellent practical work of 
'rtedgold’s, pnl)lish(^d seven'years ago, he had slated, on the autho« 
rity of Di\ Uro, that air heated by contact with any substance of a 
temperature higher than boiling water, \vas deteriorated for the 
purposes of respiration ; and his system of heating was by steam. 
He said that po pijie should be less than three nor greater than six 
inches diameter. He supposed that 'J'redgold’s beautifhl work 
must be familiar to all engaged in warming public buildings ; if 
not, he would advise them to read it. 

Mr. Ryder said it was necessary, in ordei** to jirevent the pijie 
collapsing, during its curvature into the coils, to bend it cold ; and 
they found they could not , accomplish that with pipes of greater 
diameter than one inch ; and it was also fouifd, that, in propQrtion 
as they tried larger pi]»es, it was next to impossible to mak* ih^ 
joints perfect; and upon this high pressure principle, all Mr. 
Perkins's experience had brought him to the conclusion that that 
was the largest pipe they could use. 

Mr. Garnett said, that, at the Blind Asylum, larger pipes were 
used on a different principle — at a low'er temperature,* and with 
less pressure. 

Mr. Davies said that the pipes there were about four inches in 
diameter, and they answered the purpose very well. Both Mr. 
Ryder and himself highly approved of that mode of heating 
apartments ; they thought it much better than the one under dis- 
cussion ; but they had no idea that other modes were now to be 
discussed, but that the conversation was to be confined to Mr. 
Pei kins's system. 

Mr. Garnett asked whether any experiments had been ma<^e 
to throw light on the actual temperature of the pipes when lead 
was melted, or gunpowder ignited. ^ 

Mr. Davies said lead would melt at 612*^. 

ff 

Mr. Garnett said he was aware of that ; but, while the lead 
melted w*as 6l2S the pipe melting it might be J,000^ or near it. 


Mr. Davies said they had never tried any temperature of the 
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exploded at anotlier. Sulphur would melt at 230'^ ; and pro- 
bably a few degrees higher would explode gunpowder. In 
answer to a question by Mr. ifodgkinson, as to whether the 
lead had been attaclied to the pipe some time before melting, 
Mr. Davies said they had portions of lead and bismuth attached 
to different parts of the pijies ; and when they found that these 
melted, they applied other pieces, and found the metal to melt 
suddenly afterwards. 

Mr. A. Binyon thought that though wood might be charredfit 
might be doubted whetlier it would ignite, were it not for the inter- 
vention of sweepings, ^c., which, becoming ignited, set fire to the 
wood. 

Mr. J)avies said that cotton from the factory woidd have a little 
oil mixed with it, and li^nce would have a tendency to spontaneous 
combustion ; and^*f its temperature was raised, this process was 
liastcned. 

Mr. Binyon added that in like manner a large quantity of tur- 
]>enti:ie in wood would be a means of its speedily taking fire. 

Mr. Davies said that in one case he had seen the turpentine 
•act«ally boil. 

Mr. Ryder said that shavings had blazed freely several times, 
and even cane took fire. 

The Chairman asked if the pipes were kept f»s low as the 
temperatj^re recommended by Mr. Perkins [^350°], whether they 
would then be dangerous in warehouses. 

Mr. Davies said not more dangerous than any other expedient 
of a similar kind that could be devised, with this one important 
exception, that, of the magnitude generally made, the circulation 
was much more likely to be interrupted than any other. 

• 

Mr. Ryder said that in putting a pipe through a floor, minute 
particles of mortar fell in, and might lodge in sufficient quantity 
to cause a stoppage, which no foresight could prevent, as in the 
(^se of Messrs. Wood and Westhead’s warehouse. 

Mr. A. Binyon then moved the thanks of the meeting to 
Messrs.eDavies and Ryder for their valuable communication on 
the subject which had evidently excited the greatest interest. 
Indeed it was of momentous consequence to»the town of Man- 
chester, which employed such an immense quantity of piping on 
this plan ; and he was sure all present were greatly indebted to 
these gentlemen — (Applause.) 

Dr.^Black said he had great pleasure in seconding the motwn. 
•It passed unanimously and with applause; and the proceedings 
then terminated, shortly after half-past nine o'clock. 
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Address to the readers of the Annals of Electricity ^ Magnettsm, 
and Chemistry, Spc. 

As it is possible that some of the readers of the uiinals may have 
seen in the Nautical Magazine, for February; and in the Philoso- 
phical Magazine, for March last, Mr. Snow Harris’s latest attempts 
to evade the force of my observations on his electrical experiment's, 
his reasonintf, and the marine lighting conductors, which he has 
had the impriidence to claim as his own original inveniiou ; they 
rotiy have expected that I should have introduced those produc- 
tions of Mr. Harris’s pen to the })ages of the annals, and com- 
mented on them, as 1 have hilherio with all his previous 

essays on that subject. I, however, have various rea^uns for not 
paying any further aiteiitjou to that kind of argmnciiiaiion which 
Mr. Harris afipears so einiiienily calciilalial to manage;* nor to 
that kind of data which, alone, he see’ms id be jjrovided with. 

It must have been noticed by every reader of Mr, Harris's 
struggle against the force of the expose in my, fourth memoir, that 
he has shown cither a natural tendency, or a wil ’nl proiieness, to 
employ a style of language not usually current in discussiou on 
scientific subjects; and that* he has, in the st direct and unre- 
served manner, endeavoured t<.> pervert the meaning of vaf'^ous^ 
parts of my statements, for the very obvious purjiose of deceiving 
his own readers; and, it is to be feared, from motives of a very 
difTerent character to those which either true science or true phi- 
lanthropy, could in any case form an association. 

This mode of proceeding, to the extent that Mr, Harris has 
carried it, would, alone, have been a sufficient inducement to 
decline all further controversy writh him on that or any other 
subject ; and as Mr. Harris has now made it appear that he is 
totuly imorant of the existence, and consequently of the effects 
discharges , — that he attempts to ridicule the advantages 
to be derived from series of experimental enquiries by electrical 
kites, — that he confesses he has no idea of electrical waves in 
the atmosphere.— that he knows of no difference in the electrical 
condition otla conductor, w^hen carrying a discharge, and when not, 
and above all, when he proves, by his own mode of reasoning, 
that he has no knowledge whatever of the magnetic effects of 
electrical discharges through good conductors, and even denies 
in toto,so well an established fact, it becomes veryobviou^ indeed 
that he is in a totally unprepared condition to hold any argument 
on the subject : ^d, consequently, any further notice of his 
elaborate effusions, could not be attended with any useful reults 
whatever. 

I believe it will be acknowledged, by all parties, that 
1 have given Mr. Harris every advantage that he could 
possibly wish for since the controversy first began. I have 
placed the whole of his efforts before the readers of the Annals, 
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most of whicli I have transplanted from other journals , which 
hdv6 favoured his views in the most unreserved manner. And, 
in order that he might have an, opportunity of displaying his 
electrical powers to the fullest extent, and exercise his abilities 
in support of that plan of conductors to which he attaches 
much importance as his own invention, without labouring 
under the torments of suspected plagiarism , I have purposely 
kept Mr. Cook’s claims entirely out of sight. Being very well 
aware that, as the original plan of Mr. Cook, by having cylin- 
drical conductors and keeping them clear of the masts, are mudh 
less dangerous than the metamorphosed shape and position given 
to them by Mr. Harris; the merits of the invention, whatever 
they may be, must eventually revert to Mr. Cook. More- 
over, as I cannot view any lightning conductors, which pass 
through the body of the ship, other vifise tlian dangerous, I 
had no wish, even now# to associate Mr. Cook’s name with the 
controversy, hacWI not been requested to do so' 

Mr. Harris might possibly, before tliis lime, have had an op- 
portunity oFadding^ome other facts to his stock of information, 
besides those he has already picked up since the commencement 
of this controversy, had he treated th#se I first made known to 
him VI the gentleman-like manner I had a right to expect. 

• These, however, I soon found necessary to keep in reserve, 
until a more convenient season, and until 1 bad an opportunity 
of convincing others of their existence and importance. 

I have frequently taken sparks, and even violent shocks, 
from an iron bar, stuck deep into moist ground, whilst that bar 
was receiving a torrent of electric fluid from the insulated kite 

string ; and also from every part of a long copper wire, in con- 
nexion with that bar, laying on moist ground, and the farther 
extremity formed into a coil and thrown into a pond of water. 
But as 1 have made no electric kite experimei^ts since some time 
before I left my residence at Woolwich, now about three and a 
half years ago,*till the 2qth of last month, I have had no opportu- 
nity of shewing those tacts to any scientific individual beyond my 
own assistant. On that day, however, I had a kite up, for the first 
time in Manchester ; and although we had a cloudless sky, 1 
wi^ enabled ^o convince severf^of our directors, and other sci- 
entific gentlemen present, of the existence of lateral discharges 
from conductors in connexion with the ground. On*Thurday, 
the 6th instant, we had the kite up again ; and althongh the 
electric action in general was very feeble, yet, oy pulling the kite 
down again, an electric wave caused by an approaching light cloud, 
produced such a shower of shocks to the whole of four or five 
persons who had hold of the string, as to make them skip away 
from it with ^eir best speed. This occurred several times 
before the kite reachd the ground. 
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Beings however, in correspondence with Mr. Weekes on the 
subject, and knowing the facilities, perseverance, and skill of manip- 
ulation which that gentleman possesses, I, in the moan time, (as 
will be seen by his letter, page 446) requested favour of his 
making a few experiments, which I then suggested to him ; and 
he has very kindly undertaken to put my suggestions into opera- 
tion, the first opportunity that presented itself ; and I have only to 
solicit the attention of the reader to a perusal of Mr. Weekesi’s 
paper, to make him acquainted with the result. He will find a 
description of the most .splendid set of experiments that were ever 
yet recorded on the subject of atmospherical electricity. 

It is particularly gratifying to me, ta have so many of the 
the phenomena of atmospherical electric action, which I had so 
clearly pointed out in rny fourth memoir, to be thus so beauti- 
fully and strikingly demonstrated upon the magnificent scale 
which Mr. Weekes has described, and more particufarly so, 
when I find a philosopher of such high standi ng in this branch 
of physics entering, without hesitation, and in the most unqua- 
lifi^ manner, into the precise views whicdi I had taken, not 
only of the danger of lateral discharges from lightning con- 
ductors : but of the effect^j of electric waves, w'hich that gentle- 
man so emphatically describes, and which^his late experiipents 
have afforded him such ample opportunities of observing. i 

The brilliant scintillations from the iron nail in the pump 
were evidently the effects of lateral discharges of the second 
kind, and the sparks and shocks taken from the insulated wire, 
and firom the various vicinal metallic articles, w ere, as obviously 
the effects of lateral discharges of the third kind. , (See ray 
Fourth Memoir, vol. iv. p. 174, of these Annals.) 

And as Mr. Weekes has referred the whole of these phenomena 
to the influence of elect? ic waves, (for no flash of lightning fioiii 
a cloud struck any part of the apparatus,^ I am justified in 
concluding that the views which 1 have taken of the effects of 
electrical waves and lateral discharges, are now «amply proved 
and satisfactorily acknowledged, by an authority which no 
electrician is likely to call in question. 

It only remains that I acknowledge the obligations which 
Mr. Weekes has placed me uqder, not only for the readiness 
with which he has undertaken to make those experimental 
inquiries that I pointed out him ; but for the very ^landsome 
and gentlemanly manner in which he has attributed those 
inquiries to my sitggesions. 

WILLIAM STURGEON. 

JRoyal Victoria Gallery of Practical Science, 

Manchetter. 

Mag, 1841. 
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Remarks on the Daguerrotype Process. By Dr. Draper, Pro-^ 
fessor of Chemistry in the University of New York, 

.The first object is to expose a surface of pure silver to the 
action of vapour of iodine, in order to give rise to a peculiar 
iodide of silver, which under certain circumstances is exceeo^ 
ingly sensitive to light. The action of hyp()sulphite of soda, or 
the process of galvanism, are to free the plate of its sensitive 
coating, after the operations art? completed. 

Iodide of silver turns black in the soltir ray, the whole success 
of the ejaguerrotype artist depends on his checking the process 
before the change shall ^ave supervened. 

The coating of Iodide is not immediately necessary to the 
production of images by the mercurial vapour. The condition 
appears to be tracealfle to the metallic surface. If it be cleansed 
of its mercury, polished thoroughly with rotton-stone, and 
washed with nitric acid till it exposes* a brilliant surface ; yet 
the ofiginal picture will re-appear by exposure to mercurial 
•A^poftr, if the plate be not exposed to heat. 

Oil and rotton-stone answer very well for giving the plate 
the requisite polish. It is then to be heated and washed with 
nitric acid, and finished by rubbing with dry whitening powder. 
To coat the silver with iodine, a box of a suitable size is used, 
in the bottto of which is placed the iodine ; the plate is placed 
over this substance at the short distance of half an inch. In 
from one to three minutes the coated golden hue appears per- 
fect and uniform. By keeping the prepared plate in darkness 
for twelve, or even twenty-four hours, its sensitiveness 
becomes increased ; other advantages are also obtained. Some 
of the finest specimens that I have obtained, were produced by 
a common spectacle glass, of fourteen incht?s focus, arranged at 
the end of a cigar-box as a camera. A lens of this size 
answers very well for plates four inches by three ; reproducing 
the^ objects wjth admirable finish. Copp(Aplate engravings are 
represented in the minutest iiletails : the mark of the tools 
becoming quite distinct under the magnifier. 

In the mercurializing process the plate may be placed at any 
angle below 45®, or even horizontally, over the mercury. It 
is sometimes advantageous to heat the mercury a second time 
when the proof is not distinct by the first operation. In some 
cases the proofs will not come out at a low temperature. 

When.the mercurial process is complete, the plate is first dip- 
ped in cold water, and to be put into a solution of common salt of 
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moderate strength ; it is then to he touched at one corner by a 
piece of bright zinc, the yellow coat of iodide moves off like a wave 
and disappears. The zinc is ijot to be left in contact too long, 
otherwise it deposits stains ; washing in clean water finishes the 
process. 

By the aid of a lens and a heliostat.. Dr. Draper caused the moon 
beams to converge on a plate, and in half an hour a very strong 
impression was obtained. With another arrangement of lenses 
he obtained a stain nearly an inch in diameter, and the general 
ffgure of the moon, in wiiich the places of the dark spots might 
be indistinctly traced. 

^ - 

Singular Electric Storrn of January 1841. — We have traced this 
storm through the foTlownng range of localities : — Dreadful 
thunder and lightning at Stannder, 8(r>tland, very early in tlie 
morning. — At Manchester a tremendous^ rfilap of* thunder 
awakened the inhabitants about S o’clock in the morning. There 
were heavy hail showers at the time, and much vivid lightning, 
with a gale of wind, but no damage done — The storm arrived 
at W olverhampton betiw’cen four and five in the morn- 
ing ; the lightning struck the pihrish church and set the w'ooden 
cross on fire. — At Bidlington there was a dreadful stovn of 
lightning, thunder and hail in the morning. — The same storm 
visited London a little before 7 o’clock, and at ten mi- 
nutes before 7 the lightning struck Spitalfields (/hurch, 
twenty feet from the top of the steeple. — Streatham t'hurch 
steeple was struck by lightning, between seven and eight in 
the morning. Th« steeple took fire and was bufnt to the 
ground. — At Boulogne there was a dreadful storm with very 
vivid lightning during the night, — On the Eastern side of 
England, we understand, that the storm at Lincoln Itappened in 
the morning, and lasted about *three quarters of an hour, from 
shortly after four to five o'clock. There was much vivid 
lightninj^ thunder and heavy hail. The >vind blew a gale. A 
wind-mm was strueJk by the lightning and set on fire. At 
Boston, there was a dreadful storm of wind, hail, lightning, and 
thunder. During the transit of this storm over England we 
hear of three church^, and one^wind-mill being struck by the 
lightning. The most remarkable of these events, in a scientific 
point of view, is that of Spitalfields Church, which \vaB struck 
twenty feet below the top of the steeple ^ evidently the effect of 
an oblique disehai;ge from a neighbouring cloud. 
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already pointed out respecting the Electric Machine, 
k^s^ng it ole)^ warm, and dry, are applicable to all kinds of clectrieal 
appiuratus. Every partiJUc of dust presents a virtual point to the surroandihg 
air, and delivers to it a gr^ quo^^ of fluid ar decidedly as 
at the extremity of the laroe oStiActor ddUivered fl^uid to the air in onh 
of the experiments of otir lait Icct*^ If you will pay attention to tiie prime 
conductor, which was perf^y when the machine was first put into^ 
you wjjl observe that it ‘S^cmpletely covered with a filjk. of the finest 
partnl^s of duet, which toohs^al^st like smoke. This c^ering. has been 
formed by virtiie’'^C*«||^h^j||*iine olmductor, whilst in an electric condition, 
attracting the dust fasidthe contiguous air ; and now, instead of presenting a 
smooth surfart) it presents an nsperous one, every point of which looses some 
portion of the oleo.tric*fluid which passed to it from the machine, and 
consequently, under those circumstances, you have not so much dupq$ahle 
electric fluid from the prime conductor, fo^rfperiment, as when that apparatus 
is pcr^ctly free from dust : and as other piece of apparatus, whilst in 

would loose the e^ctric fluid inn> the mr, from a similar cause, you will 
* be sensible not only ofTiic advantages, but of even the necessity of keeping 
every part of an electric apparatus perfectly clean. Hence, also, every part 
fOf the surface of those instruments that are not purposely intened to (fw- 
el^ptric fluid into the air, whether they may be oonatructed of wood, 
ivory, or metallic matter, oqght to have their surfaces well polished, as convex 
us possible, arid without sharp edges ; even the operations of the milling tdiol 
should be carefully avoided. The loss of fluid from any piece of apparatus 
from these or any other caus(j|;, may very conveniently be called dissipation, 
Npw it very often happenii that one, or more^ of the collecting points of 
the piame ^nductor, dissipates the fluid w^illst the others arc collecting it ^ 
vdhd espylmlly when the prime conductor U very well insulated. This fact 
may b^ery well ascertained by looking at points whilst the machine is; 
in mowon : frXthe rcccmng points arc tipped with a luminous star, and the 
dehvcnjKnMHSu^^ pencils of 1l[cctriJ||light. This' kind of dissipation 
occurs nSSlIflHicquently from the outermost po^J^o^he series. 

!therc is also another source of loss^ of fluid whirtJ^^^y be -well to mention ' 
in this place. If the cusliion has been newly air^^mated, the glass 
cylindcHr becomes partially covered With streaks of the Hjaalgam after it has 
been in action fiur a short time ; and as these streaks arc of^jjptallie const itulSon 
they arc conductors^ and carry a portion of the excited fluid entirely round tor 
the cushion ^ain : and thus prevent it from being taken up by the collecting 
poi||(te b«f^ to the prime conductor. When this happens, the prime 
UpS^le sparks, or any other electric action; indped^ 
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tte xx^ddne i« out of order. Therefore ihese streaks aud spots of 
which stick ito the surface of tiSie cjl^dl^r must bo immediatdy rrmpINsd iih 
&8t as they fippear. ^ 

. The distribution of eleotiio fluid over the surface of ihc bodies, is a topie 
of great importance in the study of this branch of physics/ whei^tnr it 
be viewed in a theoretical or iu a practical point of xiv ^. With ttOn^cocttdiiUBt^ 
ing bodif^s an equable dissemination qf^the fluid is r>t easily attained within 
^^y’muuTfate limits of time, whilst on fjirfaoe of good conductors, . it is 
accomplished in a moment; and thcrefolei the b.^st conductors, the metale 
for instance, are best adapted for oontempu ti \g the laws of electric distribution. 

k jl 

Lot us suppo'e that we have two flat pi|p!«rui metal of eqtti^ surfseP? a- 
sulated, and that ’ communicato to each pii “'e a certain quantity jof the ek atic 
fluid. Kow as each piece has received the laine o*'«mtity .^cy will oe both 
electric alike ; and because they have equal powers dissemination, tho 
distribution of the fluid in the one piece will be equal to the distribution in tho 
other : for, although the distribution will not be equaht,. over the whole of the 
surface of either of tliem, it will be similar m both piocos ; so thaf the electric 
forces at the and at the 'f one plate, wil), respectively bo equal to 

the electric forces at the centre and at tu edge ot the other. 

The same reasoning holds good with metallic cylirid(l's with convex ends, 
such as the prime conductor of the machine. Sin\ilar portions of the electric 
fluid on each cylinder will render them similarly electric on corresponding 
parts of their surfaces. But in no instance can the distribution be eqtut^le^ 
unless the body be perfectly spherical, and surrounded on ev*E^ry sfe'e^y 
equable electric forces. On tins subject 1 shall have much more to say in a 
future lecture, my present object being only to show you that, with the same 
electric machine, the electric forces exhibited b^ the prime conductor vdll 
vary with its size and figure. 

If the prime conductor be spherical, as is sometimes thto case, you may 
take a spark from any side of it you please, and you will find the p mgency 
of tlukt spark nearly alike from whidh ever side of the sphere it be taken t more 
especially if the sphere be not ot large dimensions. But if the cox ductor be a 
lopg narrow cylinder with convex e’ Is ; tli.- pungency of th is 

from the end most remote from^me machine, than from its ' 

, / Kow, in order to bc^V‘*»^^equaintod with tlie effects of prime conductors 
of different magnitudsK^ Aor the same machine, it will be necess^ that wo 
make omsclvos aP.uaint^^ with the qlecfric conditkns of two unequal 
xnHalffc bodies charged with similar quantities of tihe electric fluid. If, for 
inatanca^ 1 were to employ two insulated metallic spheres, wliosc surfaces 
were aa «me to two ; < one a square foot, the other two square feet); and to 
«Mh sphere I were to transmit a certain quantity of th^ electric 
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:* It I# vfery obvious ihattis thcso Id particles' occupied only Vi alf 
tile ll^pa 06 on ptUs irf these spheres as on the other, the electric density on the 
tgp]^ere. vhuld ^0 twice the eleetric density on the Ittrge one : and as the 
mtentlty ^ the forooi^epends upon, and is proportional to, the density of the 
fluid* the inten^ty of jb|^e on the smaller sphere, is twice that on the larger. 

Kow, although, as l>l^ve befote stsated, .the electric condition 
jdrical conductor is not equibie OHe%^ part of its surface, yet the intensity 
of force in the' prime conductor wibithe same machine, will he in same in- 
TMjn ratio of the siae of thi coiyjactor : or, in other words, a small conductor 
bXIilies morg intensely charg^S^lkn a large one. On the o0i4t hand agein, 
^ fluid which acon^^ttor can hold, is in somc^ direct ratio of its 
»i*e ; or, if you ^ rge owiductor will hold more fluid than a small 

one. But it must served, that a large conductor, by exposing a more 

extensive surface to the surrounding air than that exposed by a smaller one, 
has a better opportimifV of dissipating the fluid ; and would require a larger 
supply from t^e machine to beep np any certain degree of intensity. There 
is also another jjoint to be taken into consjii^ration. “'When two conductors of 
the s^e magnitude are charged to ^rtJercnt degrees of intensity, that which 
* I’fesmc highest intensity will have the greatest propelling force ; and, con- 
sequently, will have tlie greatest dissipating power : but it is found by experi- 
en<^ tliat the dissipation from a large conductor is much greater than from a 
. small one, by employing the same machine. Therefore from all these con- 
hideratious, appears, that with a glass cylinder of certain dimensions, say 
ten inches diameter and fifteen inches long, %ve may keep a small prime con- 
ductor continually charged to a tollerably high degree of intensity : but that 
thsfci’Bame cylinder could not keep up the same, degree of electric intensity in a 
large conductor. Indeed, t|.c surface of a conductor might be so large as to 
- dissipate the greater portion^of the whole of the fluid excited by the cylinder. 

i 

- Again. 'the striking distance, (or the thickness of the plate of air that the 
/first sptow from a conductor will penetrate,) is proportional to the intensify 
of th^uid in that particular part of the conductor from which the spark is 
bskonb therwro the higher the intensity the greater the length of the first 
spark^Jpfn^jjfc|di^ calculadonlS^e^^^/arA only, because after the plate 
of air is’^S^^twoken through, the succeeding’ifgjMirks of a scrips, will be regu- 
latod by the qu<aniity as well as by the intensity fluid transmitted. 

XiCt tus now suppose that a spark taken from a \dkduetm:. at a certain 
4i$tfihee is constituted of the whole quantity of fltud^U^ch the conductor 
^nt^abaed at fhe precise time of Its.i^ission : and that th^degree of intensity 
,is jiBcoiMflsOptly tbp sense.* , It is very obvious that a spark from a large conductor 
iro^^bse, mfeo-iKw^ful th^ a s a small one: because there 

ailMUfk ftrom ,the large conductor than in that from the 
ottP, aatd, because the^veloeity is the some in both cases. Therefpr^ 
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we taaUk ^^Baroor to regulate the sice Sf the cowluotor to the power of the 
Vihd^ne. ttit be<too small the sparks will be small, /^nttgent askd npid. 
: saiiiXl and rapidly produced because the quaatlt/ of Uvad OimstitttlilAg 

ispiafk h small, and the supply is oomparative^gr^^v^^^ 

great TSlp^y add idniddgia^^P^^ 

on Iheakia. l^the ppnduetoj^be too large, hMmMty of #e 

^ i|idd eau never rise great bight, ^dmpplf 

l^;itoe maehiste. The sparks will be Inwqfient axtd will prodUbs a didl hbavy 
blow to any person taking them. ' But wnM^he cdndttetor is of a prepm^^ 
|o be k^t well puppUod at a high intonsit^ tde sparks are delivered ti|Bly, 
are extremely ser^ re on any polt of the bo^^ on which they impinge : 

. brilliant white light and produce a cmitmuops loud "’ittljipi!' aoise. ». 


When the glass cylinder of the machine is of the dimcibdons already stated, 
the cylindrical prime conductor with convex ends, may be three ffeet long^^d 
six inches diameter : and the supply of fluid will be sui^cient for a dischliige 
sparks of great intensity and power. As the greatest dcgiito.of intensity» 
of a prime conductor is invariabl>' ‘Wimd at itfi remote end, and greater in 
{noportSon to the smallness of the ball >.'Meh terminates the cenductof the 
striking distance is greater, and consequently the spprks are longer whe^ 
taken from a small ball than from a large one. We will prove this fact by 
the following experiment. * < 


" ,1 Vdll take away the ball from the prime conductor C. C.^ iSg* 9, page 4914^ 
and put in its place the apparatus A. B. C., whioh is a bent bacas#wlre witit a 
bsE at each end, one of which is much larger than the other. To the bnud 
' of the wire is fastened a stem, to be introduced to the hole in the erdi of 
the eohductor. Now 1 vrill take sparks from the la^ge balT to another 

t hold in my hand, and you will observe t^t when the distaoicc between 
them is small, the sparks arc very large and den^, and gi^e a Inight white 
with a great deal of noke; and if X stand on a chain, or any o^ier sne^ 

. -whidh Is in good ooimebtiQn with ground, I feel a dull, . heavy, dis%rb^a|de ' 
ridww on nay ahin and ancle bones. 1 will nowwithdraw my hand forthd from < 
j> ; ti^ hall of the conductor, and you will perceive that sparks aro «io fri|iysht 

|aa^li^or% but that they are more^HJiant, and make a the 

onmy legs are much severe. When X ^a^pemte jthwl^ 
''^'ahsait'duree inchee, appear at ^mry-' distimt 'lntorv«k,''aild 

' "itKviiiig iibW ttBoJ^idned lhe maxhanm length of a Spa^ luj^ haB 

A, 1 M Aaw you what wiffl happen at the small .ball, C. ‘ You perceive that ^ 
i'kan tAsehafn^ thk ball, whan the ball inwy lumd k fivb or aiia^ciiaa 
‘ ■■■, ;^taat frflmit'; by tah^Buisg that disttooe gradually, 'X'ohtate aidA^ ■ 



!lM^;i)9belie« tong; and some coi^a thej inity l;o n^do to .pass 
of eighteen inyohoa. * In- this -case, tbo.apazka kave none pf 
. WdiiAnigr of ivMtlk U|d>t »» is deyoloped by thO sparks taken jrom the larger hall; 

- Ijtoy. tico of A-:|^ c^loari i^Utung to pnrple, and Imel in very crooked linos^ 
.for rraocms vakMd^ pointed out in the last lecdure. ‘Whilst these long straggling 
^stpttrkj^ between the two balis^ thete is a great djtsaipa^on of. dpid' 

t^to ^e enxround^'.naedi^ asi|Ott inliy^se©> .Ti^ clejMdy wh^ the^^ w^s . 
, weU dark^ied^ The idUssipetii^l^t jof the duid.lo!inns beautiihl iCQ^i^s 
of pn^e light, w^ch dart into t3e ^ the angles of the path de- 

scribed by the main body tho stream of sparks. .V 
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I^Tj&CTRICITY, MAGliPETISM, & CHEMISTRY, See. 


The most pleasing duties and the noblest actions of Scientific life are those 
of epneeding Ihe honour of diacoYcry» or of invention^ to those of our feHow 
hidH>iixers <K> wh<w it is justly due, and of appreciating the . adyantages der^v-. 
s' ^ble £rom those laws of physical science which such discoTeries have develop^ ; 

• or fipom the application of those laws, whether direc^ contributing to the 
comforts and hapiuness of man, or indirectly accomx)Ushing that end, 'by the 
production of novel implements of research, that may facilitate future invpftl" 

in the developemcmt of still more valuable truths. 

..'rifeither can there be a greater honour devolving <m man than timt of 
' hy fais own taldnt and persei»erin|; invesi%ation, brought to ligdrt any 

• of t^OBO hidden laws of nature which, till then, had been curtained fbom 

’ scimxtifie research; or that of demonstrating the cpcaetnoai of 

' eudklawsjbtid$^ V^vioiH|fy beenTither 9iit obscurely dovelcped^ or;buf ;;Uttiio 
known cultivato|8 of science. Of the^high valne .of such dispov^s 

. of such demonstrations we hare ample proofs ahnost every department 

■/' of |fix 3 rshdal .knowledge. They are ever considered dll a high order in promoH&g 
' -€b;e interests of phjk^phy ; and, in the affiEurs of civiiih^ dfe, their w^rpUtuide 
aH coloula*ipn, ,ajid can only bel^tedi^ .thppiowwj^ 

; ~ 

.V :14,^9ofore the ctnusnenaement of these Arpoids,' there\^m ob^^ 

'Of.a proper chofinel thtoughvWhli^' 



^ Tiiisat\ Feittmes. 


UVotir)^ ih^ pmms who wm oitih^ hut ubaotirely, or Bei «i m&i iqowwir 
to. the fidfsatGBic worl^ could be brought to light Kud propyHf eeccoidod 

<lieg^ee of promptitude ood candour which alone give to diaeomies . Aucir 
true value, aod confer upon their authors ih«^ enteskt of tBUfr 
^«0 «3tpcct. , The desideratvas being av^pUed, many ■ ex* 

pdrim^taliats become known whose names were noycr befoere impilaxeli^ : 

those Anxiala^i&e the honour of beaa^ oi%l* 
nal reeerda ot experimental discover^ wh^mve not been aiupiufiMdshioe ihe^ 
fUat, appearence of the wmk. And there i* eWy reason for entertaMng the 
most flatter!^ hopes, that, by tim Jbrthsr indftgemrkt ntm held out ^ ai^|pr: 

the dclid of ^honourable eoinpetition, ,4 spirit of stall more*urdent and 
ea^tenuve research IHU ^ be manifested every class /»f enquirsm In 
eip»erimcntal scieiice. 7 

prises which fall within the prceiilcts of the specification!^ in the list 
of aspects, tar the present volume, are awarded to H. WeekeSj, 
andtoJT. P. Joule, I5s<l. To the former gentleman for his paper descriptive 
of his hriUiant Atmospheric Klectri^ Experiments : and to the Hitter ■ gentle- 
man, for his paper descriptive of the powerful Electro-Magnet in pr<gpor' 
tkm to |he weight of iron employed ^ ^ \ 

Mr. Weeks has long been an ardnons and snccessM labourer in the field 
of expcrhttcntal sciehcc, and has contributed opulently to the ** Annais ^ 
whose pages have been highly enriched, both by the interestii^ 
oharnetcr of his investigations and by the flowing energy of his ^|Hm. The “ 
foUoiring sxe the tilles of those of Mr. Wet^es’s papeta that have ippe^^ 
■varioue volume# ef this work.^ ' 

iid.'^llescription of ' tbe Hydroplasson, a portable, siniple, and petfeeri^ ' 
sjfecia'e, ^^^ exhibiting the coxnpositioh of water from 

■ the combustion of its gaseous constituents in a sta|e of previous adzmxtui^.]' ' 

, Vd^3, F. 34A ' ■ ' ,, , 

of water* by the agency ^ 

mops ^tie^^ly the Aquatic Confe^^n^the Xiemna, a gehns of ; 

; VoL 4. P. 2d., ^ .■ 

3rd.—- Memoir, on the employmeiA. of th^ Oxy-hydroges gawd^Lojits Apph- V'^ 
the purpose of Chemistry and the Arts, by mpans of<heEi|faE««H&!ty . 
13kwr-:P^; an instrument |,daptod to the perfectly secute eombnstlon. iM.>. 

' gaseous. mixtt|!bs in any continuous quantity, .and 

Eaq. of Maidistone^ ■ 

.iandertiiM a view to Illustrate his-Thelrty of "ftiL; ... , 

iriew the pr^alse aiamt^-pwi ouriBisa yisMwiri^^ 

pi!iim.ipid khd^ ■' 



Award of ' -‘'Mf" 

•7A‘*— A B«{iNCMrt of some experiments in Atmospberical Blectridty, taade 
: Antums bf ISIO, during whioh the diilengageiment and ihsulatx^ ' of ' 

OtconVw^ jdffiHrteA Vol. €. P. 89. 

’ /'fith»*OSMi:Vati^ on the Electrical phenomena of high 'pie'essurc as 

re«mriye:aAibitedin<^eriexnU7 of &c. Vol. 6, P. 232. 

EleoMo Apparatus mid Experiments. Vol. 6. 

''Y 7' ■ '7'^ V7" 

series of mcperimcnt| 1^ Mr. Weekes, Wiil no 
satls&ction that even the most sceptSca! cdtild wish for, respecting the exlstentie^ 
and the effiscts of atmosph^ic Electrii^ waves. It is a topic cif the higher 
jMaitanbc in the smdy olNitx]^ eleptricity; and, as !s vrril kiiown to 
th«re 4 ldmB dfthis work, it is one Vhich I have been exceedtnigdy anxious hr 
get properly understood. Ther#are not maaiy experiments on record, which 
have yielded such bi^y^i^^esults from the effects of electric waves hs those 
which Mr. . Weekei^as had the good fortune to observe. Indeed, with the 
exertion of those ol^ervcd by M. Ee Komas, * and some which l^ have 
seen at various ttmes*t I am not aware of any on record which arc to be com- 
pared with them in point, splendour and^jiortancei Kor have even thsesethe 
iznpo|ta^ce of the Sandwich expcrim^jli^^Hich were so laudibly undertakeir^ 

* lor the purpose of a specific caquis^fin wliich the operator had no interest 
but the cause of scientific truth: and which have set at rest the most import* 
ant questiona, j on atmospherical electricity that have presented themselves to 
the philosophical world since the solution of the great problem respecting the 
V ind^ntity of electricity with lightning. 

Mr. JTpijle is onq of those indefatigable, and now well discipline experi* ' 
mentalists, whose first essays on experimental science these Annals have the 


honour of recording. His enquiries have been ^ected, pr||pcipally, to, the depart- 
ment of Elcc|ro-Magnctics, in which he has been peculiarly successful. 
Mr^ Joule’s communications to the Annals will be found under the following 
'./'heads." % 

. Jst.-i-*d)e»6riprion of |m ElePtto-Magnetic Esginc. Vol. 2. F.. 122. * 

■ :2rfdi^Be8fcriptiou Of an Electro-Magnetic Engine wjth Expcrnneilts.^ 
^/vo!L'8.i*.'4«d. ' . " 'v" . ■ ^ V,; 

*3^d.— On fhe use of Electro-Magnets made of iron wire for riie Electro-" 

: *■ 

, iv4f^^^C8tigaiion»fn Magnetism and Ele|gt^Magnetismi, 

;'.7-carion»r 4,' P. ISl. ; ^ 

H v 5tibi.*~^nvesti^«tioiu9 ih Magnetism and Electro-Magnetism, second cont- 
Vol. 135. 

- >.r— ^ ^ 

yflfltriiaty. VoL V. P.68. .''Js 

''f . . . + Vol. IV. P. 181 : nUo Phil. Mag, also my letter fee . ; ■ 

r .. . Mr, Weekea, datad April lOth. 1841. - ' 

' 1?h8 ^ tahina iiMkafge firow Hgfatirag 


6l^.-^-2>«seirliifim of an Blect;o>M«gBMic B&giiie. Tol. 4r. F. dM. ' ' 

ft 

Tth.— -lam^atioQB in MagaetHrm and Bleetro-MagnpUviii, third ocmH 
niwdbKliBn. Vol. 4. P. 474^ 

9lih.---TnVe«t$gatioixB in Magnatiam end Btectro'MhgnfetiHm^ fonrih tsw 
mWodeation. VoL 6. P.187. ’ . : 

In H^agnetism .ond^ Sieciaro>MagnW«ni« dft& 
rSSSS^ Vbl. 6. P. 470. ^9 

<d' a New £leetro*^!!)^tagnet. Vol. 6. P. 481. 

liri Jmiie'e theoretrical -nows, from whi<^ hgi haa been enabled to 
ftndi powerfal malnetSf are atat^ in thoaci papeni which app««# In Vbt%. 
F. 1^1, m, 474'; and in Voiwd. P. 187^- 470, which niay be 
- ' w^ great interest. ^ 

In awarding ptixea for SeientLTe discoveries and inventlbha, H win aome^ 
tiinca^be fotind diiRctdt to form a satisfactory decision ^ich may have the 
glwateet flaims in point of importance and value ; especially when several of 
great interest present themselves at nearly the same ^mc. On the ]Mretent ' 
doosulioit, however, nothing of the*Tlh5k?'^-00ald pos^bly interftsre in the decision 
already made. Hr. Weekes^s paper Whictl\has so justly entiUed its autbmr ^ 
tp one of the |ndze volumes, is not only descriptive of experiments of a 
peculiar character, but as regards importance they have no pandUd in the 
history of Abdospheric Piloctrieity. 

. Hr. ^Jottle, whose chums to a prise volume rests on the production of an 
Bloelro-Hd^et of great power with a comparatively small weigftt of hroh, 
ha# also oriaier claims on this branch of scienee for his previous valuable ecpi** 
mu^earions, abready rg^'odto, and with which this is so intimately (mnheeted. ; 

Setemif however, is not always benefited by mahdng too nice distineiaot|y»' 
botws^ disebVer^es or inventions Reified within certain Hmlts, and thmai 
whlii^ apprf^ith the lln»;bf demarcation so closely ds to be nearly, if not 
of o^nal interest. Hence it is, that whilst Ht. Joule 
ed of cBxrj^xig out Hs views. «{ . 

Hleeiro'Hagnetic action, by the production of jenagnets of quite a povei < 

Mr. Badford, and Mr. Hoberta have been eminently successful in the pnusllepl' 
part the subject, by producing th& res^ctiVe Blectro-Magnelb deseriiiod ‘ 
^ Pages 2^1, and Ifid : and as the object of these prispa is the pxeqporioh of 
Bbwebdei^ and Magnetism hPoU their branches both thcmretrieal and pfasfiiBal^ 
c i^ecuttens of :]&LeotrtKKagnet8 produeod by Mr. Badfrand. and Mr. ' 
4^ abt ^ pass tomotmed li^ the award of tUe voibliiie hk^wlikii ' 
A|$riae volume is ihmfore awudwi 'to Eadfrud. 

agii^' ' n .perfefltly original, '^oitd curiously ;*bS«asdfelH4«^ 

:;pir.gsef4piaw^r^«^ awai^ to Biohard 

Blbetro-Magitet Htherte rao&vM* - 
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Pige 18 Line 16 j I 5 ni, ‘‘Places” tetCi “pla^d * ^ i ^ ;>> 

., 34 — . 41, for ‘‘last” nsad “leastV . ; 
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if. Fourth Letter oli VoHaic Comhinatione^ with refer^ 
mee to the Mutual Relattom of the Oetteratina and 
Omdueting Surfaces Addressed to MichaIbl. Fara* 
jaAY, ^^*9 F.R.S^y FuUerian Fr^. Ckem. 

Moj^i Imtnutiony ^c. ^c . . By J. Fbbimsrzc 

v J^ANiKLL^ Prof. Chem. in King’s CoUege, 

|^"liiOiidon. 

^ Keceived Janaary I8,-*^Bead January 25, 1838. 

Faraday, ^ 

la my se^ond"^ letter to you upon Voltaic ComWuatioBs, 
i SttggRSted tliat, in a theoretical point of view, the most 
awfue and perfect combination would probably consist of 
* a solid sphere, (or rather active point) of a generating 
metal, suerounded by a hollow sphere of an inactive con* 
ducting metal, with an intervening liquid electrolyte ; the 
^oireuit being completed by a conducting wire prop^ly 
.dii^med for connecting tlie two met^. Further rejec- 
tion led 'me to believe that a series of . e;merim6nts com- 
snencing as neaiiy as possible with these wst simple con- 
dittens of the fzrobleiz], mig^t throw some light upon the 
dimensions positions and actions of the generating 
md^nduc^ plates o’!; voltaic combinations in general ; 
njll^ app^f^ to me not to have received all the elucida- 
of which they might bo susceptible. The subject, it 
Is tSNto, M not escaped the attention of experimenters ; 

ijEio^ resmm with which I«am acquainted are so 

:$nv^NSi^in the eriKWs from the variable condition 

abUfoe of the biirsent itself, which 1 have already 
as to leave it in a venr unsatisfactory sti^. 
lEwMsilBOw proposed to mys^, id^tne invesligattbnrwbkh 



t 


1 f><>if?^*^tia«^y^uTidertoiJcy to trace the 

the force from its Drigih, by the indica^li^s of 

in the maimer described m my fiihit Sstbst%* ^$. 
haye &US been led to some results wbien I trust you ^1 
Ooosider of suMcient imjjortance to jui|t^y ttiy 
you with another communication upon the subject* ' 

My &*st apparatus, which it is necessary to de^ffl&^ 
consists of two hollcsr hemisph^s of brass, fitting togei|^r 
water-tight by means of eatirior flanges half an inch 
wide, and a collar of leather, and thus forming a sphere, 
^e interior diameter of which is 9i inches ; consequi^tly 
exposing a surface of about C68-8 ^'square inches. 'Ite * 
lower hemisphere is fitted into a frame carrying buttons, 
by which the upper can be secux^ly wedged down upon jt ; 
and underneath there is a small cock, by ^ which any liquid 
in the interior may be drawn off. The t^per part of the 
upper hemisphere terminates in a tub^ ot about one in^ 
in length, forming an opening through which a ittem)n|^ 
nous bag may be introduced, and from which it mm ne 
suspended. The electrolyte whrch I employed in w the 
following experiments was the same as mat which 4 eimr 
ploy in the constant battery, viz. eight parts ei water, by 
measure, to one part of oil of vitroil in contact with the 
generating surface, aud the same diluted acid, further 
saturated with sulphate of copper, in contact with the C0ii<» 
ducting surface : — - • 

The measures of the force to which I had recource 's^erc,' 
in the first instance, a coarse galvanometer cmisisting of a 
single needle seven inches in leng^, with a coil of twenty 
turns of wire one^twentieth of an inch in diameter* The 
large scale oMhe*experiments preluded me from 
ing ddicate instruments with astatic nSedles* 
dh^athfied with this measure, i afterwards etnph^ed;|i 
Bi^uefs thermometer fitted up according to tim pta^ 
Promssor l>e la Rivet, which ^measures thd 
current which passes (hroug^ ft by the differences wits 
heatmg power upon the compound spiral of platimta and 
sHver of which it consists, the degrees toto wturni^tisdivided , 
being directly proportioned to such differences* liuileireiy 
reason to he satisfied with tlus instrument ; md .lia#e no 
dniiht of its accuracy. In the case, at least,^ of cismnfii of 
siiiCii Imv tmston as dtose for which alone } haw hltoeetiD 

^ it, ■ I-..:- 

• 4a]i«U of £netficStj,ac. Tol* X.p.sa^ V 
f la eo«. 4e Tbyi. So Ckmovo, 1^^ p< ]40. 



fi^^«xperixae^ .tbe sph^ was i^arge^ jnth 

meiniii^uie :yKiitW’the pl^m a^, 
A^raiiiB zmc« one inch diameter 

•^aodeapos iing i^ Bi^ace therefore of 3*14 sauare ihcbe^) 
yii suspenaedr by means of a well-vamishecf copper wire 
in ihe centre of latter ; the other extremity of the wire 
11 ^ one of the cpps of the g^vanometer, 
aoid file drcuit was competed, by a wire leading from the 
bj^r cup to a small merctiry cup upon the uppe»" brl^ss 
iiepiii^here, placed at a distance of two inches from the 
tube* The aeviatioi| of the needle was 60^^; and it re- 
xnaihed steady for a long; period, during which the experi- 
ment was*repeated and varied. When, instead of the 
galvanometer, the circi^ was closed with piece of 
platinum wire one inch in length and inch diameter, it 

continued red Hiot for a period of five hours. The circuit 
remmned closed ^r seventeen hours, and the apparatus 
,r jp a. then opened and examined. The zinc ball had 
V^pped off the wdre, and was reduced to about one half 
of Its original size. The upper hemisphere was found 
5 ^te& wim reduced copper^ beautifully marked half-way 
up j&om the equator with concentric circles of alternate 
ilark and light stripes of pink and red ; these were followed 
by a broad even band of pink, which reached to a circle 
wltbin I J inch of the aperture, which was composed of 
the unchaiiged surface of the brass, and which evidently 
bad not been, in contact with the liquid. The lower 
bemisphei^* which had been insulated from the upper by 
collar of leather, had no copper precipitated upon it» 
The eq^ere was again put together, and <marged as before, 
with a new zinc ball, circuit was closed, as in the hr^t 

;Mperiment, with the galvanometer, in contact with the up- 
ipiar asKl the deviation of the needle was 60^* 

t connection was then broken with the upper hemi- 
and Wade with the bottom of the lower hemisphere; 
ilWMieviation was again 60 « . ^ 

^ i^nexion was mi^ at the same time with bolh 

h^m^beieSf tbs defiatton was thesame. K, while in this 
alai0^;di^er wire w^e lifted singly from its connexion, tibte 

^ wire from . ike zinc ,ball was lifted from the 

breiftdng d^e. circuit ; saad 
ttmre was also a spark when the wires from the two hernia 
spheres wnre disconnected from the circuit together, but 


cap4upmg "f ir© qf tjif ,, 

ii^i{e wire of the dipper hemt^ib^ , 4 ^ 
x^t0^ i$ before with the galvimiSiTOeter, or t^ f^ci^ 
oi^y recede^ to 4Cr« From this it j^ppo^cod 
^tbotigb the wboie amount of force origiiiafmg .. 

capable of pasdug off by means of either 
when both passages wye oj^n it 4is 
b0lwe«^ the two> notwithstanding the additki 
in one by the interposition of the galvanoipater. 

' Eatra« contacts made with different parts of the tiro 
heinispberes made no difference in any of the prenodg^ 
experiments. " * , 

The s^p^atus wa?* now left for eighteen hours Ifitb 
both hemispheres in connexion one extremity of 
galvanometer, and the zinc ball with thv* other*** Upoii: 
examination the needle was found still deflected ; mn^ 
upon agitation of the zinc ball it rose \%> 55^9 but almost 
immediately declined to 25^. The acid had become iiea3i%l^ 
saturated with oxide of zinc. The sphere waa 
and both hemispheres exhibited a perfectly even coating of 
beautiful pink copper, tbrougli which the rings of the 
upper hemisphere were however still disccsrnible# 
it will perhaps be advantageous, before 1 proce^ 
ther, to collect into one point of view the principid eonclih- 
aions which, I conceive, may be drawn from the precedpiy 
experiments wdth the spherical combinations. ^ 

1st. Tlie force emaiiating from the active zinc centre 
* diffused itself oyer every part of the upper h6ia^b^0rb| 
from which there w^as a good conducting pas^a^ln*’ 
circulation, to au amount which is measured bj of tha 
galvanometer; and which was capable of piamtammg 
inch of platinum wire jjo diametet at ro4 

2nd. The same amouni of force was by 

either homi^horc indifferently; but when bqth < 
hemispheres were in metallic communication ib 
h^ei^ pf foirce. The Iran^^r of half the pof 
to' the o^l^er occupied no* j ““ 


3r^. Although the force was not 

"^puM wP P^cipiiated copper*, 
oxte beim^here was e 

orce* and the other avcBwiktijp^ Wte 




the j^vaaometer^ith the aw^ 

TO tile ic^ce over iIib whole s^^ete 

iitfAv tiiifefaitetdMid^ although the half ot it wits obliged to 
o«^rcotiie the much greater resistance of the longer circuit\ 
dtlie There waa no greater accumulation' o£ precipitated 
about the points with w'hich the conducting wires 
%ought into contactaand towards which the fproe 
iipiibiiod over;, the inhere mast hare converged, thai^t a% 
noint ; proving that the force must have divergea. 
ftdih tfid Cfehtre equ^lv through the electrolyte^ and could 
have drawn tojivards the conducting wires in the 
eonductingssphere itself.* 

1 now octroyed the iiwulation o^the two hemispheres 
by AtiHg to the lower one a thin^ring of brass, which came 
in epittact with the upper when wedged down in its position 
the thCans already described. The sphere, thus in good 
Tbetallic commuuitatioa in every part, was charged as 
b^Ore } the precipitated copper having been previously 
dbaned off by a little nitric acid and rotten-stone. The 
deviation of tne galvanometer was 55®, and it was perfectly 
steady, whatever number of connexions were made Witn 
^e sphere, or at whatever point the circuit was completed. 
It thade no difference iii the amount of force which circu- 
httetih whether the contact with the brass was * made as 
HMr as possible to the zinc conducting wire, or at the 
pbint the flrthest removed from it. 

. I next proceeded to ascertain what would be the effect 
of kicfe^ing the surface of the generating metal. For 
this purpose two amalgamated zinc balls of the same 
dilUneter as before were placed in contact upon a varnished 
.vifirei ahd substituted fer the single ball in the centre of 
the the deviation of the galvanometer only in- 

creaiisd rising from 55 to.feO®. Upon replacihg the 

s|e bail it fell again to 55^, and so alternately rose end 
the same amount upon frequent repetatiems of the 
11 ^, amalgamatedwsinc it>d six inches in length, 
and fmcb in diametpr^ was then substituted for the balls, 
bit uie ddViitiou did not rise higher than 60®. Thus the 
increased from about three square 
ip mx end very little increased effect. 

experiments were all^ ma,<ie with ttie generating, 
biaced as nearly as possiblff in the <^ntie of me 



wz this poskmn was how ohangod, ana 
no ball was placed at the bottom 
: m cbntact with the sphwre j ebmetaiiei 
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,iip »efltrly',to .jftie top 

j tl^ c0Btro ; but no of ttcW cnanges produbed any^ 

. pr^iabW alteration in ^ deviatbn "of the needle/ jfe 
y ^id^ • , J * 

From this ,I*v«^as led to consider (although l am ipc^ 
aware that the measures may not have be^ suffictmi^ 
accurate to determine the P<^nt with predsipHj) whether 
iXio force emanating from thep zinc ball might not diffuse 
itself over the surrounding conducting sphere in obecheilee 
to the well-known law of radiant mrces of ' the inverse 
square of the distance ; since, alth^gh the cases mB.% be 
dissimilar, according to this law’ an attractive ^oint plae^ 
within' an*^-holloiv sphere of attractive matter remains in 
equilibrio, whatever its position'^may be. Or the analogy, 
perhaps, is stronger of light diffusing itself from a luminous 
point within the sphere in the same relative positions as 
those of the generating ball. . 

This conclusion, if correct, appearing to me to bO of 
great importance, 1 was desirous of connrming it by rdjpe- 
tition and variations of the experiment. 

For this purpose I madd use of the calorific ^^ahra- 
nometer (as it has been named by M. IJe la tlive,) instead 
of the magnetic ; and the zinc ball w^as a little larger than 
n the preceding experiments, measuring IJ inch in 
diameter, and presenting therefore a surface of 3*94 sqiil^e 
inches. The sphere was charged as before, atid when the 
bail was placed in the centre 


The index advanced ©0 T ^ ; 

When drawn nearly to the top 90 

When thrust nearly to the bottom 87 r.vop 

The * index remained perfectly steady dtir|r^ 
repetitions of the experiments ; and wheii ihe^njct'e^i^n 
, with the brass sphere was "changed to onpo^tb 
- There can be nodOubt that these results inmeate j^ 
equality of action as before*, the slight dif^eii< 

. owr position being, probably owing, to acmdeht^ l^cmn- 
,-BtanceE, such as me unequm thid^ness of tb^memlirfino^’ 
« at that point, or the speedy saturation of the amdi'wlien 
solution, cannot faU away from th <5 szirte./ 

W'ould appear, that in none of these ppwtKi^ wa^^^ " 
yirtuid%pproxinmtion^o^ the generatinjgVjUid 
! .nig ' suifrices. The dij^ion of the ph|cipita|XMi^ 

^/^i^rasj .howjever, very much influenced by the 
ball; when hear the top or the bottom, 






mjsopcqpfwt layer on a segment immediately in its 
yicm%« and becathe tbinner and tbmner over the m^^re 
ymote , parts of the inhere. * It was only when exactly in 
the centre tbat the duffusion was perfectly eq^ual. To oh** 
a^e this eifeiqjt with the greatest distinctness, the action 
4n each case ^ould not be allowed to continue more than 
J9|l 0 ^ fifteen m for ^ the deposition becomes com^ 

in evniy part in a lobfeer time, when it is not so eyy 
td of the difierence of thickness, • 

J My next step was to measure the effects of different 
pdrtions of the sphere in combination with the zinc ball. 
I^ook the lower herblsphere alone of the apparatus and 
filled it with the solution of copper^ and placigg a wooden 
bar across it which suj^orted the membranous ba^ to 
COTy the acid, I had ftm my power to immerse the ball 
in any require^position. 

1 first placecKthe same ball as in the last experiment 
|ust below the surface exactly in the centre, and the 
calorific galvanometer indicated 90®: upon removing it 
within hall an inch of the bottom it rose to 1 15®. 

^ Oft another occasion I pjaced the ball in three different 
podtions upon the surface of the liquid in the hemisphere, 
niunely, in the centre and close to each side: in each 
jpQsition ibc instrument marked 86®. Upon lowering it 
as close as possible to the bottom it rose to 100®. In all 
Ih^ experiments the precipitated copper was diffused 
over the whole hemisphere. " 

It is worthy of remark, that the amount of force thus 
called into action at the surface of the liquid in the hemi- 
sphere, is nearly the same as that from the whole chargea 
sphere, or either of its hemispheres. ' ^ ^ 

T^ese resuHs, I conceive, are not in oppodtion to pie 
llw pf forces suggested by the experiments with 

ibe ^itlre sphere ; althou^ b cannot vouch for the coxn- 
i^ittlye ineasures being absolutely correct or uninfiuenced, 
"jm dome degree, from day to dpy by extraneous circum- 
stdases, apd particularly oy changes of teniperaiure : nor 
can it, be Pkpected that th^ experimental deduc- 

tions frbm a ball of the dimensions which I employed can 
more than approximate to the mathem^al demon- 
striAions of the relations qj an active point within an 
sphere. » ^ : 

next furbished me wi^ iw 
w in the combination of the wbolo 

fill it as befora» , j^a 



liquid- xtecked 4sb mtfcdii #1 
zinc ball ^\Mi 1 made ill Vis |iii^ 

tha ^embraue was full of tte dilute aoid. 

made iti three did^ut posida^as of raa iMpji 
and with three variations of the wire connectiiig tte dir* 
cuit with the brasd Sjjphere* ^ * 

T'he first connection was mafie near the top at a pdtUt 
which wus not within the contact ©f the included l|€|^ l 
the results were 

CAlofio Onlv, 

At the top t..... 4§ 

CenW.A #••*••• 

Bottom.... 65 

Connexion with the bottom of sphere. 

BaM at the top.;. 45 
Ball at the centre *70 

Ball at the bottom 77 

CehnMion with the sphere both at the top aiid botteiBBU 

Ball at the top' '45 

Ball at the centre 55 

Ball at the bottom ...... 65 

The ti^o last seiies may be taken to be identical* biit I 
am a loss to explain the difference of the first series frdm 
thoa© two. It is probable that the zinc balb t^dtphl 
whoUy' immersed in the acid in t)ie membrane, was iiht 
below die surface of the exterior solution hi the 
The tmtsdts confirm in a general way the conolioSieitS 
whseb have been previously '8U||ge8tdll. 

There was yet another ^ommnation which r thil^til 


doable to tty ; namely*; wilh.the gmieiwil^ 

/irilhm the charged sphere wim its two henfii^pbapei Wit- 
lat^v The zinc ball whidh 1 employed 
Wmnt was one inch diameter^ and 1 tried it the 

gtasdard acid with which all the othet ex|iid#eih^ 
JWii made, and repeated il^with 
w^ HmotoQui^ of water^ in order I 
Jammkeii&t ite law of action was infiinhw^al 
cf||lpitt£.cf force put .into, circulaaioD. ^ -•TW;:rdiA|li''^h 
JdiiNrfely'-isaBtds^ 


3^1^;;^'' \;c;; ■ .,;, ,, ,,.. . •..: ^„„.. 

’We- ^l»d^%lpi''p!ibe^ n^ -the Botldttiii ' ' - ■ . ■ ' - ^ '■■" " 

" fop insulated hemisphe^r^e 5^ 4% ^ 

Cohneifited Witlifcbottom ......w.,*......i,,*. 5^ ' 

TOis placed* neat tbe top, cdp- ” 

* n^xibn with bbttom insidated heidisphere 51 ' 41 ^ 

C^iiectbd with top 59 50 * 

Both hbthisphef es connected 59 ^ 

■ ‘ ■ ' ?^ ■ ' ^ 

• 

, * In these experimdntsf that hemisphere alobe with which 
the connexion had been made copld have iQiduenced the 
results as a conductin^urface* 

A question jiow occurred to me of extreme interest : 
admitting that the force generated in the preceding com* 
binations wher^t was limited in its diffusion by the con- 
cave surfaces bi spherical forms, -follows in its action the 
law of radiant forces, we know that it is not a simple 
radient force like that of gravity^ but a molecular force 
, propagated from particle tp particle, and possibly modified 
by otl^ forces with wliich the same particles may be en- 
dowed* The law of radiation, if established, may, there- 
fore, be the result of the concurrence of more than one 
force, limited by the spherical combinations with which we 
have been dealing. The physical law,- in ordinary cases, 
supposes both the sphere and the point with to consist of 
similar attractive matter ; and were ’ the force which we 
wow investigating of the same ntitare, it Would iiidke 
dWeiWnee whether the sphere consisted of merely coti- 
^due^g metal and 9, small interior generating hmh br 
whbtlier the sphere consisted of generating metal and the 
Ibail were an inactive conductor, — ^inactive I me^ with 
regard to, the eleftrolyte. ‘ What experimental * result^) 
would the latter combination afford ? 

:*i^eebsed two hemisphn^es of ^ine to be thade of exactly 
t^^WEmi#:form and oimenslons as those of copper, and 
in the same way ; abd the interior suifaces 
were thoroughly amalgamated with mer^fy. 
Wh^ wb<%ed togbther by their flanges and ring bf* lea- 
was preserved between the two by a 
tifig cl amalgamated zinc. The sphere was 
bhmMt fKith dilate acid, and the interior 
of copper. : A 

iqph diddl^ter fiied to foe end of a vaimwied iWbf 



i0iim inw n imi i.w die ladwr* aad a.iiusak,|w:|B 4 ^y|||>»^ 
€ 1 ^,. tlio.. .siiilp 

d)e,c«i^Sc.gdiK4S^ ■>.■;,! '.j’.'c** 

akBcations of the instratii^t' were as feltoir : 

V.- B«ll‘itilHlt«Sl>e.e.e...e..e ^ 

.?;if":- ; \ , SiM at iht eentr^ Z6 ■ ' 

♦ ^ BaM at the bottom 36 » ' 

-■'* ’ Aaein at die top • ‘35'^'^ 

The hadex' was steadjr lor a dioi^ time, biit begi^ 
idowl 5 r to decline in ^ach ittStance*for ' about IC^, Upon 
agitation ol<« the ball in the solution it always rose to its 
previous amount. 

Upon repeating the experiment and Meping tho ball 
^ alvmys agitated, the following results were obtained:-^ 


Ball at the tOpee..ee,.,.,. \q 
Ball at the centre 42 

Ball at the bottom 42 

Ano^er repetition ^ave ’ 

' ' Bail at the tc^.e.e 45 

Bail at the centre 46 

Ball at the bottom ...... 44 

. '• «i' 


■ •* « .■ , 

The index always fell when the ball was noragitat^ and 
the decline may probably be ascribed to a change in 
« satural^oh of the liquid in immediate contact with th^hsdl, 
, wh^ agitation prevented by keeping the solution in an 
.. -nn^rnt etate. , ^ 

^ r . 4 now separated the hemisphere and fiicp<*frim ey^ p gn | w j^ h 
tte lower one alone.' The results w^e as foUow 

■ 'r Bell at ihe, top,.....;,..., $§ ' 

\ ' -Sail at *the bottom 66 

Bail.at the^top.,..^....'.,.,. 

rv'' V v' BallbaJf-wayWween.,.*' 60 « --j/' 

was placed at the centre of the sorfhee 
41 Ai mdes altnost in contact with the hmiispbere^'lhe 
< lia^ ail the three poadohs.^^^ - ^ ^ f 

that the same laW''‘W^'ididbilitain^ • 
^ allhom^ - ^ wiee which circulated was fh ime 

4 M onAMawtint of that fboto the first 

V ' ^ , , 


’ ^ I t 

■J I Wo tJT ^ee irenkatkii ti|M»n 

^ t3^' dlCfefisixice^ prpceed to lftybeforeyou thl^ re- 

ftultft of some ei^nments uf^ii eombnuitidnB of generat- 
11^ ^ of otber £oriipqt» .commoaom^ 

wkh m cylmdrical as approaclung in siiQpliGity to the 
i^eaical, ani for the purpose of conneeting my observa- 
•ttoits with t^at form whii^ 1 haye found most practically 
adrantageous in the construction of mv battery. » 

I todk one of the cells of the small battery, Six inches 
in height and eleven inches in circumference, charged in 
^he usual way, and found that the single zinc ball of one 
mch diamieter, produced with it a deflection of the mag- 
netic gmvanometer of 65®. T^^o - similar Jialls. only in- 
creased the deflection^to 60®, and its own rod, six inches 
in lengdi anc^| inch diameter, did not increase the effect. 
These were exactly the same amounts as were produced 
by the same generating surfaces in the brass sphere. 

An amalgamated zinc cell of* exactly the same dimen- 
sions, charged with the diluted acid and solution of copper 
in^e membrane, with a copper ball one inch diano^r, 
* dgnected the galvanic needle 45®. 

With the calorific galvanometer it moved the index toiiS®, 
Beii^ desirous of ascertaining whether the same differ- 
ence between the reversed combinations would exist in a 
series as in single circuits, I compared toother three 
copper •cylinders with three zinc rods, and three zinc 
1 roos^ end three zinc cylinders with copper rods, by memis 
of a voltameter. The former produced in J hour 3^6 
cubic inches of gas. The latter produced in f hour 1*7.5 
fycdhie inches : indicating, as before, that when the gen^ 
^ rating surface constituted the circumference of the arrange- 
Imenl^ the fdice was only the half of that which was evolved 
when it loruied the centre. ^ ^ " 

In the copper IRylinder it made no difference whether 
the zinc ball or rod were placed in- the centre, or nearly in 
Contact with the side. ^ « 

neAtook an oval copper plate/thO diameters of which 
wete 131^ inches by 10 incmes, and soldex^d a copper wire 
at fmo extremity of the longest diameter, in a perpendicuiar 
. placing it in an earthen pan, covered it with 

a depth inches of the acid solution of copper. Over 
1 suspended, by means of n erpss bar» a big of 
.jne^Wihe ffllm t^ dilute acid; and nearly attihe 
' jduS; I placed an lUnalgamated zum hal]»;e^hMled 

aiith-^a ymrhian^ copper wire. 1 then formed a cireuit by 




l^aifiM^iB^ «iid !'t^l^lli w«i 
tt reotiOux^ {^^tly steady is# liaitf inM 

, , , . Ate was taken out and e%wm&&ik It Inis 

lomd nbvered with fre^ precipitated co^>er^ thk bMtt 
I^Bg a litUe thicker ai the c^tre» and becoming tlanhar 
insensible gr^ations towards die e%6. 
point it had begun to turn roiu^ the e<%e add te dymd 
itself on the other side* ^ 

"pie :{s!nc ball was next placed just below the jdid&tce of 
jiiiquid in the pan, so that its* least distance froth the 
eonaucting plkte was the same as w hen placed id the ebiilr^ 

. p£, the sphere* Upon completing *1110 circuit the hh^e 
Iras dedected«45^* . ♦ 

The zinc ball was now drawn in the tube do AA to 
remain immersed in the acid, but two inches abo^e ^ 
fevel of the solution j the needle was still dofleeted 
Upon again replacing it below the level it cetomed to 45^, 
and! Idl to the same amount upon once more drawing it up. 
£q this case the lateral diffusion of the efficient force muii 
have been prevented for the first two inches of its cOUtdC j 
the mode of its after propagation was the sul^ct.of Irt^ 
tieit inifjuky. While the apparatus was in thid pbt^on» 
had zinc rod,* and afterwa^s two, conndMed together, 
wbre ihimersed into the acid, so as to extend through tite 
w^le depth of the solution, without defiecting the 
jrahre than 55®* * 

In these experiments the stem of the copper wiji^ . 
soldered to the copper plate ^ as covered With /^re^ 
clp^ted copper as well as the plate. In sul^ffddht 
'exj|eriments it was protected by varnish. . . 

order effectually to cut off the lateral radidlion fri^ 
t^zxxxc baU^ I placed it m a glass tube, six* ideh^ ld^ I 
;An|t over jtjbe lower aperture, which was I# 

{ lldd d p)«^ of membrane : the tube was l^dd 
dilute acid and plunged into the sdlUtion Of bbpplir Oliw 
tained in the biass hemisphere,. agdiiiBt ihd Saitedth/if 
which it reked. The ball was supported withiif half ^ 
i^cH of tha.diaphragni. * Upon closing the 

‘he . gafvaubaicter^ the needle indicated AO?* .. i 
gi^on of five minutes the , solution was T 
thOinkphere examined : there was fo 
t of pink copper, two i 

' ’ Id of;dt rkerMlomr/ebi^ 
of hm thktoc% 

al&iirth pai?or" 





^ #«»«. tube,. 

liad soluti^ ; tfee circle of jiluk co|^|^ 

el li, liai^ an inch greater than Ae ap ' 

tia^ haJiO extending soine inchea aromia, 

i the tube into such a position that, the 

mU, iresuLiniing where it was in fne tube, might he 
J[i^ beloW the level of 4he solution in the hemUphere ; 
ah;^ now, notwithstanding the greater distance at whiA it 
# 1 !^ hrom the conducting surface, the neeJle ros^ tp 

4$^, the precipitated copper made its appearatice over 
the whole hemisphgfe. 

Whlle^the zinc half was in its last position, tho glap^ 
tube itself was pressed down till 4t again reifted upox^ the 
bottptn of the % mtsp}iere ; allolateral diffusion was thua 
eut off $or a distance of 4^ inchea, through which the force, 
wa^ propagated, and it could only spread a^er it emerged 
froiu* the tube irthe galvanometer indicated 30^. Wheu 
the glsw screen, as it may be calTed, was again dr^wn ^ 
returned to 45®. 

I^milar experiments were often repeated with the sub- 
^stffutmn of large flat plaites for the hemisphere. When 
the zinc ball was thus couflned in a tube with a diaphragm,: 
and placed within an inch of the plate, the precipitatibu 
always commenced with a circle a little larger than the 
a|^ilmre, and gradually extended itself, so that aftar some, 
hours afltion it formed a circle of four or flye inches 
mfher, a^d sometimeB turned the edge, a^d made |ta. 
a^mai^ance on the under surface. 

wing desirous of ascertaining to what amount the under 
seurfaco of a plate thus immersed iU the electrolyte wOul(f 
; a<ijdO]^» 1 covered the upper surface of the 
uiate with lac varnish, and replaced it in its pan 
the ^Inc ball ip the tube withip half aP 
and plugged it just bc^w the su^^^ 

r ; upon complemg the dircuife the ueodle 
Jn ten nuiisites Upm I.eaammed Ae 
Itih^ iim covered with heah^iftl 

f wiA the exception of afl irre^id^ Oval 
diameters were about inches by % P^. 

evukmfiy begun upon the; ^gfS/ww 

WM uatmmed to its 
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iunirtt a^tum^ on llio wider -aide :• 
ail a borw of eottpaet pink ^ 

cc^ppeiv wjrii^ m l^ in^ to } tncdi in width, but not v 
bl; w mdes than the enda ; and the renlahider was 
corned widi predipitated copper of a dark^ rOd eoloiuv ^ 
iatowbidb tiie fomter^mduatefL On the wper 
aide HicHre were 4 nitihber of little rosettes of copper^ wini& v 
were locnte^ giving h a grkty fd^, and whicV evideiniy 
proceeded from a number of midute points to which ^ 
vairnish liad notad&ered* Fig« i. ( Plate L) may convey 
an idea the appearance m the pyecipitatea copper* 
Boffi surfaces of ^e copper plate i^vma bc^ cleaned, it^ 
was rephtced in the solution, and the oouble zia^ bali in 
the membrane^ instead of being placed over the eeatre, 
was suspended over that ind of ovaPwhieb was far« . 
thest removed from the conducting wire. The gaivanch* 
mBter indicated 4S^, and remained perfectly steady for an 
hem, during which the ^action was continued. At* the > 
ei^iration o? this time the plate was examined, and the 
phtk ec^ypar was found dej^si ted * only at the extremity ^ 
nttdor the bal^ forming a segment of a circle^ of which mo 
baU was the* centre, but still fiot jsharply defined^ but ' 
in^ercepttbly shading off by a darker colour to the tin* 
chraged surface at Urn other extremity. 

Here the efficiency of the generating ball was evidently ^ 
unpeded by the deficiency of the conmicting pUtm.oa cme ^ 
aidev [Ihe radiation could only ti^ place towards ^ 
other side ; and although the conductor was of great ex«i 
teed, llm increamgdisto of its several points eaimed it 
to adt at a disadvantage. 

iUtor these experiments, the pkte was deaited and ^ 
replaced sni tl^ solution; and in order to de^ieamhietid^ 
aefehm of more than one generatix^ point, at 4 dhieneo ; 
freed one bnolher upon the same conducUng pldto* , F 
placed a zinc ball in a mnmbratie dloto 
dnetihg wire of toe plafe, and found toe dealaddn 
‘ " 42«‘*0. I toSn Intoto this imnnes^^ 


a double ball of zinc over toe fartoest 
OVid | toe galvanometer marked 43^*5. 

eirciiitiras completed with both togmherf .toc gel^ 
f ody rose to 4b®. Upon vf^iSfh 

wito eitoer ball singly, whHe toe 

% toe needle only vmied 2® or S*.,- nSiien .xne 
of tolb tomble arc, oin^ baD wm 
'moA toe ^ 
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fonr'hoan'-ac^a, &c|^te«iut'aan»ii^ aadvAarfink;!^ 
cai>p<» im,fDttBd>dM^ted ia'twe acMMait of 
wmcfa 'tiaiB baGbar bad been the re8pe£tlWi^istt^eet;a 
remeiiaeii^ the |>lalie was ceyei^ lexthapci^ 
m Ifddel^ edonr* (fig.-2o) This thsnner pree^station ge^ 
no l^ir^diis Vf an increased sbbstaiu^ as eidd^^ 

action at the points where the eflSseia sprc^ng ^ 
froiia the two centres nilist be conceived to imve beeqa^^ 


The plate having been once more cleaned* diedoid»W ’ 
was placed nearly over its centre* and when connected 
ilHdi the' galvanometer jp. circuit it affected it 55^* The 
single bw placed also nearly over the centre* but about 
two inches removed from the postiion of thd double baH* 
affected it singly' 45^ Wlien the connexion was made 
with both the deflection increased to 57^. After four 
hours action with both the balls* a beautiful welMeflned 
oval of pink cffbper precipitate was found immediat^y 
under the two balls* of the diameter of 4 inches by. 3^- 
nearly* beyond which there was a general diffusion <h 
dasher red precipitate (fig. 3). The surface of thts oval;, 
bas p^ectly smooth aim compact* and presented no 
appearance of . greater thickness or inequality at the centre 
man at any other part. The two balls seem to have acted 
as one oblong niece of ^^enerating metal would have done ; 

upcy^i nypothesis of a radiant force from each* no> ' 
increase was perceived at the points upon which the double 
set of rays might have been supposed to impinge. . 

liwas desirous to repeat once more the experiments; 
witli the opposite sides of the conducting plate* and to 
c^lpect them more closely with some of the prevkilis 
by measuring* the effects upon the calorinc galva;. : 
nometett and by varying the form of thejdate. For ^tibisAv 
nuifibae*. I took a cmcular plate of copper of 'die" sam^? 
diameter *as the sphere* ana immersea it in the ^ 

fsdiuhin* A sine naU of inch 'diameter^ placed/iu at 
xiiipinaiig ^ acid over***the ebntre*"^ gave the {rikiwmg^^ 

SMoadSede^ 

ji' V ; , ■ ■ ^ ,, ’ .,4*. 

'V'' '■ ’^Ball kt hi® •*•**••••••• ,79 .*■ .v./ 

r0,-;' r: '!B4ll «t nuddie '89 _ ' 92 

...... :103 105"'.,^,^.;- 

experiments, tibe ei^per' .|wiqd 
Vi riw.pUte,' |pt 
riMfe cil m uaner ride. . 






titw fqjjipwHig rasblrtii 


imt jtts vq^ted 
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IPI^ pfempitated coppor was icnind 4< 
tlk^ttiidar side in a ring about t#o inches in 
^e e%e, and there was very little in die oe«b^ of the 
l^lBite, Biad none upon the U|^r surihce. ' 

1 dually covered ihe unite suri||^e with vMm^ leavit% 
upper exposed, with the following results 

Bail at top ••••♦•♦•• h,' •• • 73 ' 

Ball' at middle 85^ 

B^l at bottom. 93 , 

lichee it appears, that\the under surfac^' whscli bf ^aell 
is capable of sustaining an action from ^ ball m tte 
centre dl the nearly as great as the upper 

> when combined with the latter, adds no more Iran 10% or 
about o»e<*eighth t6 its efiSieiedcy. It appears alsi^ tbi^ 
whereas with, the upper surface, the action Inereasaa p 
scane inverse ratio of the distance, of the gener^ng itoiii 
the ^nductii^ surface, with the under surface, there is a. 
maiamum point, on bo^ sides of which it decrea^ei^ Th|a 
point is doubtless dependent upon the angle at which dm 
{or<^, which radtees j^as it were) hrom the ball, ineet# the 
Cite of ^he. plate* * 

Wiflhing now to <kaw the preceding experiments ihifo 
^^eaer comparison with similar ones which had hilh " 
gen^tidly^been made in a didTerentforhi, 1 hsdn sq^^ i 
«iil oehstructed^ measuring Scinches wide and 

^as c^t in two in die middle, and the ed^es teya^ 
heeil ground^ admitted of beiDg.clamped together, walh the^ 
Intmrposition of a psce of bladder. Wh^ thus {Wt h&K 
a di^ded ifhn two by, a dku^a^ 
tembrahe in the liquid, on either sidd^ of whicii 
ffmmratjng and conducting plates might be teme^pfed. 
lo^ whibh I selected were copper and 

sq^e, and copper and ate belle* 
diateter: the results obtained by 

ui^crent distances ajtet, xneasui^ 

jgdtte>^^ter,. ai^ ebntaiiied in tibe 

idttph eno^jedi m ^ 
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series, \l^e acid on bodi sid^ of diapfiry^^V 

and* in the other the same acid in 'cenStact with ' 

and tile solution of copper with the copper* In ie lieair 
distance the suri^ces were about halfife mdk apart ; in the * 
farther, three ii\f.heB; and the baBs were always placed 
opposite to ec^ntre of the associated pli^e. 



The precipi^ted cdpper in all tiiese cases had been 
pretty evenly diffused over the near surface of the plates, 
and was to be tr^ed to all parts of the opposite surface, 
but more upon the edges than towards the centres* . ' 
*Ppon this Table we may remark : — • ’ 

Ifit. That the energy of the force was about sextupled ' 
.by tife absorption of the hydrogen upon the conducting ■ 
surface, etcept in the case of the equal plates, when it 
was mote than quadrupled. * 

Snd. That the effect of distance ivas much more decided 
•in the instances where tUb amount of the circulating force 
wSJs ^tfattr, than in the contrary cases. 

3td. That the amount of force put into circulation from 
a large surface of zinc towards a central ball of copper 
was, as in former instances of similar combinations, aboat 
offe half pf that from the Reverse arrangement. 

4til. That a ball qf zinc exposing a surface of 3'14 
square inches^placed qger the centre of a plate of copper 
eitpdsing on its two sides a surface of twenty-eight square 
sustained an action of* nearly the same, amount as ” 
a^ plate of sine of the same dimensions aa the coppilr, ^ 
the same distanc^. % . ♦ 

teihlt, as wjpll as^e small effect produced in pre^i 
, eirperiments by substituting 4;wo equal bails, or a 

r6d, Kir one ball of zinc, may, upon the supposition bf a 
th^; 1 ^^ a radiant force, be probably ex* 

*pll^ed by ihe of the rays at points 

other. » ' 

BtC P5 hgj 4, represent the sphere, and a 

Vlthip; the force radia&S from <if to e atm 

wtobut inliiSTujwtai#*" 
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Mfeoad^r »iili aiibth^^, an€t;;;daM9 force wduM jlpp^ %I> m 
dit^t^d lb thl^ cfiaijtetiAl i6f ^e two, dr fretii to B| and 
^ 4 direction parauH to c ted do. 

A rod Onay obviously bo considered as • a succeosidil M 
sudi balls^or radiant points, abd hen66 the {brc^ Wb«dd be 
propagated m a. direction al^ right angles to Its aais 
towardg a circumscribing sphere or cylinoen 

I^et ahcd, fig. 5, represent the radiant points, then will the 
l^ys a ^ and b ^ interfere at g and pass on to », djTand c 
B,. and c e, d e to h , Of tte same letters may repfe- 
ient rOdiant points in a plate .A^, ibe rays of^ which bp^il 
thus pass in a parallel ^directicn to the opposite points of 
a conducting plate D E. 

Without attaching, however, any importance to the 
geometrical diagrams, I would merely suggest that the 
. resultants of all the radiant points acting from .m to d 
towards D £ may be parallel, and that such an h 5 rpothe 8 iB 
would account for' the phenomena. The demonstration of 
this, if possible, woula go far beyond my power in ntatbe- 
matiOal science. * , 

The rays thus supposed to pass between two qmd* 
plates bocofeae parallev and hence the decrease of the 
force will bo directly as the distance, as Mr. Snow Hanais 
fetihd it by direct experiment. ® 

Now nearly the whole of the preceding eteeriments, 
tecept those of the zinc sphere, bad been maae before I 
had the pleasure of reading the Bleventh of your Series 
of £xpeninentai Researches on Electric Induc|ioti;^ and 
I had been led to the supposition, which I believe I men^ 
tioned to you, that the force which Is developed by voltidc 
^mbinations might be subject tonhe law of radiant fbrdes ; 
but i had been utterly at a loss to understand bow^ ttpOn 
this hypothesis, it could extend its infittenee Ip the sMe of 
n plath Opposite to^ that to wMeh it was directed tit right 
lines; how, in short, makg^ ush of g term llti^^yiia 
bite happily employed to describe, ^hat 1 M0% to 

m# ' i perfectly analogous phenotnenan)^ it eoiildv a , 

Since the perus^ of that papef, howsteri e^y 
i^tns to mi to fall in so naturaliy with tl^'gwefai 
you hat e therein expl«iiiedi tbit J 
X were intruding upon ground which is ptepmly ydiir 
' oWtii &i tefUtoihg to apply the igws whh^you 

* fSiMophietd tmmSeiiite, ^ 



^ tlie Easeatidi and Fand^dMiitat PHoelple 
Inducdna,^’^ tii^ some. of the fore^ing 

re^ltoi. " k be eiiEWTeet, ydU tn^t 

bifeeii 1m to tbera m tbe natural Anutse of your iuve%* 
j»nd ibfc^iug in my oy^n, opinion could justify my 
iUtieitl6^iioo in a wnrk whidb must have been more eom* 
pji^ely performed by you, jpot the circumstance that I was 
led to It by the obvious; direction of my own prerkipl 
iUntimes into voltaic combinations, . . • . 

The direction of the force through an* electrolyte placed 
between a generating conducting surface of two 
metals^ I cone5ivO|Hbe expressed in the very words 
which you%ave employed to describe that oj the direci 
inductive force in st^tic^,! electricity. 

It may he concei^^d to be exerted in lines between 
the two limiting conducting surfaces, and is accompanied 
by a lateral or '^aveinje force etjuivalent to a dilation or 
repulsion of these representative iines ; or the attractive 
force which exists amongst the particles of the electrolyte 
(dielectric) in the direction of the current (induction) is 
. ajpc^:f?npanied by a repulsye or diverging force in the 
titmsverse direetionf.” 

The proof of this is exactly of the same nature as that 
which you have lirougbt forward in the parallel instance 

* of induction, namely, the turning round the corner of a 
plate ; aiM 1 cannot but advert to the complete analogy of 
the case in which brought your carrier ball near to tlio 
middle of a flat disc of metal placed upon Un excited shell-' 
lac cylinder when no charge was communicated, although 
oUe,was obtained at the edge of the disc ; and that of the 
dept>8ition of a ring of precipitated Copper round the edge 
of tlie under ^rface o*f a brass plate while the centre was 
free from it (fig. i.). 

> /Hiifi **Jater«d tension of the lines of force On oUe ano- 
ther" is quite consistent with their divergence from an 
acl4ye henrre; may it not even considered as the cause 
bf i%diation 5^^ it is most particularly evinced by tie 
tirndta ff those experiments, in which the immediate 
diVergeuee of the force from the active centre was prei* 
vbutedf by placing .the latter in a glass tube, or by drawing 

• die general level of the surrounding electfofytei 

the first impulse must have been pro** ^ 
direction; but; the instant..'^ 

f' VoJ* 4* . - f 
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was at liberty to influetice the general mass, the thel^iiles 
of the latter were thrown into the polarized state, and me 
direction of the force opened but as from a cent^. 

♦ On the other hand, the same repulsive force in a 
transverse direction" must be opposed to the convergence 
of the lines from an active sphere towards an interior, 
conducting point, when the fo|jpe is not stationary but 
cuiTent : may not this oppositiop account for the reduced 
action df a sphere of zinc upon a ball of copper ? The 
difference of the statical induction and the current indue* 
rton is, that in the former the toca is not progressave, 
while in the latter it is in a orperpetual^^fiux ; the 
state of polarity, however, and of tension, is i^ntained 
in both. 

The transfer of the elements of electrolyte in oppo- 
site directions under that peculiar molecuhii* arrangement 
, or polarity, “ which is the first step in all^plectrolyzation," 
is quite compatible wirh their unt^pial distribution upon 
the limiting conducting surfaces, according to the vaiying 
relations of their dimensions i*nd distances, as was 
evidenced by the unequal precipitation of the reduced 
copper in several of the preceding instances ; but no 
correspondent inequality of the force can exist upon the 
surface of the conductors themselves, upon all parts of 
which it can instantaneously distribute itself with compa-; 
ralive facility. 

The principal circumstance which might be supposed to 
limit the power of an active point within a conducting 
sphere in any given electrolyte, is the resistance of that 
electrolyte, which increases in a certain ratio to its depth 
or thickness ; and this thickness^ may be considered 
virtually ibe same, wherever the included 'point may be 

? laced, but to increase with the diameter of the s^iaere. 

t is also the same, and consequently the resistance la also 
the same, when placed anywhere within the plane which 
divides the sphere into two hemispheroe. But in,' an 
insulated hemisphere, the approximation .of <ihe 
point to the lower surface virtually decreases the |bidbinei» 
of the electrolyte through which its. action has to, ^1^ 
prop^ated, by increasing the extent of surface wMdh eiits 
th% divergent lines of force; and eonseauenlly tine loree* 
"iiiereases. In this respect the action oi a point upon a 
may be considered the same as upon an indefinitely 
large hemisphere, towards which as the 
’ the force increases* ' . 
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It appears to me that practical consequences of some 
Sfhportaace low from the preceding conclusions, upon 
wmch i may be tempted to address you again at no distant 
period. . 

, I remain, my dear Faraday,. 

Ever faithfully yours, 

* J. F. Daniell, 

JS!^*s CoUtice, Jamcary IBf 18 ^, 



Ck>ntributiona to Eledtri^y and Magnetism^ No IV. On 
• Electri^dynamic %idmtion. ( Continued.) By Joseph 
Henry, L.L.D., Professor of ^Natural PJiilosophy in 
the College of New Jersey, Princeton.* 

• Introduction. 

1. In the co^se of my last paper, it was stated that the 
investigations wich it detailed were not as complete in 
some parts as 1 could wish, and that I hoped to develope 
them more fully in another communication . After consi- 
. derft1>Ie delay, occasioned -Jby alterations iu the rooms of 
the physical department of the college, I was enabled to 
resume my researches, and since then 1 have been so 
fortunate as to discover a series of new facts belonging to 
‘ different parts of the general subject of my contributions. 
These I have announced to the Society at different times, 
^ they were discovered ; and I now purpose to select from 
the whole such portions as relate particularly to the prin- 
ciple subject of last paper, namely, the induction at the 
beginning and ending of a galvanic current, and to present 
to them as a continuation, and, in a measure, as the com- 
pletioR, of this part of my researches. The other results 
of my labours in this line will be arranged for publication 
as my duties will permit me to give them a more carefu 
examination. * 

IS. In the course of Jjhe experiments I am about to 
i(ieiiSnbe,^I have occasion to repeat and vary thSse 
given im my last paper; and I am* happy to be able to 
ata^, in reference to the results, that, except ih some 
iaaner particulars, which will be mentioned in the course 
of ithiB paper,. I have found no cause to desire a change in 
liccounts before published. My view*, however, of 

Z' * Fhjitt the transaetious of the Aoiericfta Philoiophical Society, vol yHU 
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the eonhexlbxk of the phsef^mena have heeift eo^d^rahly 
xnodihed, and I think rendered much more definite by the 
additional' li^ht which the newiacts have afforded* 

2* 7, The priiicipar articles of apparatus ufeed In these 
experiments are nearly the same as those described in my 
paper, namely, several fiat coils and a number of long whre 
nelicef (III. 6, 7, 8.*) I have, however, added to these 
a constant battery, oii Professor^ Dan ieFs plan, the per- 
formance of which has fully answered my expectations, 
and confirmed the accounts given of this form of the 
instrument by its author. It consists of thirty elements 
formed of as many copper cyiindf|e, open at the boUonl^ 
each five inches and a half in height, diree indies and k 
half in dianleter, and placed in earjrheii cups. A zinc 
rod is suspended in each of these; the same length as 
the cylinders, and about one inch diameter.^ The several 
elements are connected b}' a thic k copper* wire, soldered 
to the copper cylinder of one element, aiiVl dipping into a 
cup of mercury on the zinc of the next. The copper and 
zinc, as usual, are separated by a -^aembrane, on both sides 
of which is placed a solution of one part of the sulplmric 
acid in ten parts of water ; add to this is added, on thb 
side next the ^topper, as much sulphate of copper as will 
(Maturate the solution. The battery was sometimes used as 
a single series, with all its eleinonts placed consecutiYely* 
and at others in two or three series, arranged collaterally,^ 
^ as to vary the quantity and intensity of the electricity, 
as the occasion might require. 

4 * The galvanometers mentioned in this paper, and 
ferred £o in the last, ai e of two kmds; one, which is used 
with a helix to indicate the action of an induced current of 
intensity, consists of about five hundred turns i^f fine 
wire, covered with cotton thread, and more effectnalij 
jsrulated by steeping the , instrument in meit^ 
which was drawn into the space between the ' 
capillarj' attraction- The othdV galvanoiheter is fostmeiAiiSEv 
abbut forty turns of . a Sorter " and thicker wl^,4r^ 43| 
always used to indicate an induced curr^int, of c^]|s^ri|p^ 
but of fecble^'in tensity. The needle ^ 

is suspended by a single :^re of raw silk.. . v - 
I' should 'always tstate, thatm .all 
^ral k meiitt<^ed in. 

^ ■ . ■ ' V i, ■ ' ' . ' 

' * WIti&a t1^"inin!ier«38 II. or til. di!& inctoded in the 
i»,m04e to th^ oorreipon^iug of my co&bibutioxi^ 
trioity, ^0., Yol. 4, p. 181« ' 
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^rticle is Ifimedi of a long^ fine wiro» making about one 
BWdrod tuiM aroQUd the axis of a hollow piace of straw, 
of about two inohes and a half long : also the spiral 
tioned in connexion with a coil is formed of a short wire, 
which makes about twenty turns around a similar piec# o€ 
straw. The rea^kon of the use of the two instruments iu 
tb^ese two cases is the same as that for the galvanometers, 
under similar circumstances, namely, the helix gives a 
current of intensity, but of small quantity, while the ceil 
produces one of considerable quantity, but of* feeble 
intensity* 

Section tM Induotion produced at the tnonumtof 

the beginning of a Galvanic Current^ 


(f. It will be recolfjpted that the arrangement of appara^^ 
tus employed inftny last series of experiments gave a power- 
ful induction at the moment of breaking the galvanic circuit, 
but the eifect ai^^aking the same was so feeble as scarcely 
to be perceptible. I was unable in any case to get indica- 
tions of currents of the third or fourth orders from the 
^ beginning induction, and its action was therefore supposed 
*tC be 90 feeble as not materially to affect the results 
obtained. 

7 . Subsequent reflection, however, led me* to conclude, 
. that in order to complete this part of my investigations, a 
more careful study of the induction at the beginning of 
cmrent would be desirable ; and accordingly, on resuming 
the experiments, my attention was first directed to the dis- 
covery of some means by which the intensity of this induc- 
tion might be increased. After some preliminary experi- 
ments, it appeared probable that the desired result could 
be obtained by using a compound galvanic battery, instead 
of the single, one before employed. In reference to this 
conjecture the constant battery before inentioned (3.) was. 
constructed, and a series of experiments instituted with 
dm results ^ which agreed with my anticipation* 

8 # la the first, eaperiment, cdU No, 2, which it will bo 


ronittiBhered (III* T.) consists of a copper riband of ab<mt 
Wty fee* long, and coiled on itself like the main sjprmg of 
a 'Was connected with the compound battery, and 

Mbt No* 1 (IlL 6*), formed of one thousand six hundred 
ya^ of fine copper wire, was plimed on the cc^ 
to reemve the imhxeidon, as is shown in Figifte 1, which.ia 

the cpufoxuence cC 
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Sau^» Oonlrtbutiotu 

Flgii. 



a represents Na. 1, h helix Ko, 1, and c, d, handles iot receiving thi* 

shock. 

This arrangement being madg) cterrents of Increasing 
Intensity were passed through the coil by conftantly re- 
taining one bf its ends‘ in the cup pf mercury fone^g 
hne extremity of the battery, and"«^^iuccessively plunging 
tbe other end into one of the cups which servea to form 
tlie conne^ons of the several elements of the battery. 
With the current from one element, the sEuCk of breaking 
the circuit was quite severe ; but at making the same it 
was very feeble, and could be per reived in the fingers only 
or through the tongue. With two elements in the cireul^ 
the shock at beginning was slightly increased ; with tht^ 
elements the ^increase was more decided, while the shock 
at breaking the circuit remained nearly of the same inten- 
»ty as at first, or was comparatively but little increased, 
"^^en the number of elements was increased tcN ten, tlm 
►ck at making contact w^as found fully equal to that at 
Iking, and by employing a still greater number, the 
net was decidedly greater than the latter; the difier- 
See continually Increasing until all the thirty elements 
Were introduced into Ihe circuit. 

9. In my last paper, a few experftnents sfte menttoned 
as being made with a coriljpound battery of Cruieki^iin:i^% 
ccHn^iiction ; but from .the* smallness of th^ plates of 
this, and the rapidity with which its power declined, I 
Was led into the error of supposing that the indtictdh«at 
tha ending of the current,* in the*uase of a short^effii, Wlw 
t^idinished by increasing tihe intensity df the 
paragraph 19. of No.'^IlL); but by employing tae xnote 
perfect Instrument of Professor Daniell in the arrange- 
bf the last experiment, I am enabled to eomet-WB - 
iotfer, and to state that the induetioti at 

the saifie when the mteUsity of lhaj 

‘depends m'''any’degfe#^iea-'tibe 
dN^tthnty in tbs oMukw^ 
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^^ght incteiuse in the inducticm should take placet 
e^Kfording ^ theory, the current is soiuewhat increased in 
V ij[uantity m the case of a long coil, by the increase of the 
intensity of the battery. Although very little, if, any, dif- 
ference eould be observed in the intensity of tW shock 
irom the secondary current, yet the snap and deflagration 
of the raercury appeared to be greater from the primary 
current when ten elementl of the battery were included in* 
the circuit, than with a ^single one. The other restdts 
virhich are mentioned in my last paper, in reference to the 
compound batter}’^, are, I believe, correctly given. 

• 1 0. The intensities of the different shocks in the fore- 
going experiments were compared by gradually raising the 
helix from the coil ^ee Fig. 1), -until, on aecoiint of the 
dil&nce of the con^^tors, the shock in one case would 
be so much reduced as to be scarcely perceptible through 
the fingers or ithe tongue, while the shock from another 
arrangement, diUt with the same distance of the con- 
ductors, would be evident, perhaps, in the hands. The 
»me method was generally employed in the experiments 
in i^ihieh shocks are mentioned as being compared, in other 
* parts of this paper. • ^ 

11* Experiments were next made to determine the in- 
fluence of a variation in the length of the coil, the inten- 
. sity of the battery remaining the same. For this purpose, 
ibe battqry consisting of a single element, And the arrange** 
xneut of the apparatus as represented in Fig. 1, the coil 
was diminished in length from sixty feet to forty-five, then 
to thirty, and so on. With the first-mentioned length the 
shock, at making contact with the battery,. was, of coui:p» 
* very and could be felt only. in the tongue; with 

the neats shorter length it was more perceptible, and in- 
mi^eased in intensity with each dii|;^ution of t^ coih un|;jl 
a lengdi of about fifteen feet appeared to give 

^ ^12. ..The;diimnution of ip intensity of the 
ji|^ axp^ixnent, after the length of the coil was diminwad 
JWow mteen feet,*waMiue to the diminotion of the num- 
of of tbe^ooil, each of ^hich, by^Ung on the 

tends to increase the intensity of the second^ cur- 
> unless the o^mbined length of the whole is too gre^ 

of the battery; That, this is the fact ^ 
experiment : -the WiiL was plkc^ 
.Mire or turn of .the cod, and the length 
copper riband, which did not 
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luIlKy irraiftMn mhedpUms^f until the whole of it wag^ 

excluded horn the circuit ; in this case the intensity of 
idiock ^le he^ftnim was eenstantly increased* We may 
lamte generwy, tbat» in the" beginning of the bat* 
idry current^ the mduction of a unit of its lengd^ is merea^ 
eed by every diminution of the l^gtb of the cpnduc^r* 

|g« In the experitnent given in paragraph 1 1» the in ten 
slty of the shock at the endiii$f of the battery current 
dimthishes with each diminution 'of the lengtii of the coil; 
and this is also due to the decrease of the number of the 
spires of the coib as is evident from an experiment similar 
to the last, in which the helix was plaoed on a coil consist* 
ing of only two turns or spires of copper riband ; the 
shock at the^^nding, with this arrangement, was oonmj^a- 
lively feeble, but could be felt in^he hands. Dinereht 
lengths of coil No. 2, were now introduced Onto the same 
circuit, but not so as to act on ihe helix h but although 
these were varied from four or five feet to whole length 
of the coil (sixty feet) not the least difference in the inten# 
sity of the shock could be perceived. We have, therefore, 
the reinao*kable result, that the intensity of the ending, in* 
duction of each unit of length' of tlie battery current is 
not materially altered, at least witliin certain limits, by 
hanging the length of the whole conductor* From this 
we would infer that the shock depends more on the mten«« 
sky of the action than on tlie quantity of the« current, 
since wo know that tlie latter is diminished in a given unit 
of the conductor by increasing the length of the wh&lei 

14. We have seen {8.) that, with a circuit composed of 
tm elements of the compound battery and the coil No. 2, 
the shock, at the beginning of the current, was fully eqiiid 
So that at the ending. It was, however, found, that i4 in 
this case, ihe longdi of die coil was increased, this ihodk 
was diminished ; and we may. state, as an inference imm: 
several experiments, that' however great may bo the in« 
Imsttyof the electricity frona the Imttery, ihe idmek si 
the horning may bo so rtiduced,^hy a sui&ioDt^.mooaaeo 
of tim length of the primary- drcuii, ds to ho scsaroely 

1^/^htwas also found, that when the ihiclE^im 
Mk was tnereasod, the length and mtonsity of dm 
■iwwiiiin g the eame, the shock at tlm 

'Somowhat' haoreased* ' rosuk'' was 

a dealde eoili the dleetmm^ ^ 

Iw fMlas 4iHnsw|^t aim 
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^^mgh bo^ z the 8 b 0 iai: horn the liel% Itt 
Ihui appai^«i3tif the greater* 

16. By tbe ^ragoisg raeiaks we are arddently farniitod 
. with two me^iodft of increasing, at pleasure, the intensity 

of the xndiidtion at the beginning of a battery eixrrexit ; the 
one ejawuAl&mg in increasing the intensi^ of the sotiree of 
tlv» electricity, and the other in diminishing the resistance 
to conduction of the circufi while the intensity remains tW 
same. . • ^ ♦ 

17. The explanation of the effects which we have giv<m^ 
relative to the induction at the beginning, is apparently 
ndt difficult. The ne&istance to conduction in the case of 
a long cc^dwctor and a battery of a single element is so 
gr^t, that the full development -of the primary current 
may be supposed nol^O take place with sufficient rapidity 
to produce ther instantaneous action on which the shock 
from the secondary current would seem to depend. But 
when a batter}**#! a number of elements is employed, the 
poles this, previcKis to the moment of completing the 
circuit, are in a state of electrical tension ; and thereiore 
the ^discharge through the conductor may be supposed to 

* Ills more sudden, and hence an induction of more intensity 
is produced. 

18. That the shock at both making ancT breaking the 
. circuit in some way depends on the rapidity of formation 

aaad diminution of the current, is shown by the following 
ex;periment, in which the tension just mentioned does not 
take place, and in which, also, the current appears to 
diminish more slowly. The two ends of the coil wm*e 
placed iii the two cups wiiich formed the poles of die 
battery, and permanently retained there during the expert* 
ment; also, at the distance of about six inches from,, say 
the right hand end of the coil, a loop was mac^ in the* 
liband, which could be plunged into tne cup containing 
(he left hdnd end. With this arrangement, and while only 
the two extreme ends of the coil .were in connexion with' 
tbevCups pf mercury, of wourse Itie current passed thr€n^h 
the^ entire length cff the riband of the coil; but by plunging 
looj^'into the left hand cup, thb whole' length ad the 
the six indies before mentioned, was excluded 

♦ hMen the bat^ry circuit. And again, when dbe Iom wiw 

lifted 00% of the whole length include, in dee < 

wily tto in the coil could be suddenly 

i|9ihiMiiiibi^« Wmle the poles ei the battery were cen tmn a i y< 

win «i£li« 
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« be ebteined by this method 

19« The Ibebleness of the »hock at the beginmng of the 
cumnt, with a siicigle battery and a long coil, is not 
entirely owing to cause we have stated, (17.) namely, 
resistance to conduction offered by the long conductor, 
but also depei^s, in a considerable degree, it not priiud** 
pally, on the adverse influence^of the secondary current, 
induced^ in the primary conducted itself, as is shown by the 
result of the following experiment. Helix No. 1. was 
pl^ed on a coil consisting of only three spires or turns of 
copper riband ; with this, tlic shock, jboth at making add 
breaking the circuit with a single battery, could**be felt in 
the hands. •A compound coil was pien formed of 
copper ribands of coils No. 3. and^. rolled together so 
that the several spires of the two ‘altern^jted with each 
other, and when this was introduced into the circuit so as 
not to act on the helix by its induction, the battery 
current passed through,* for example, coil No. 3, the shock 
at making contact with the poH of the battery was so 
much reduced as to be imperceptible in the hands, while 
the shock at breaking the contact was about the same ah 
before this addition was made to the lei^th of the circuit. 
Xhe ends of boil No. 4, were now joined so as to produce 
a closed circuit, the induced current in which would 
neutralize the secondary current in the battery Qond actor 
itself; and now the shock at making the contact was 
nearly as powerful as in the case where the short conductor . 
alone formed the circuit with the battery. Hence, the 
principal cause of the feebleness of the effect at the begin* 
ning of the battery current, is the adverse action on the 
helix of the secondary current produced in conductor 
of the battery circuit itself. The shock at the breaking of 
the circuit, in this experiment, did not appear affected by 
joining or separating the ends of coil No. 4. 

, 20. Having investigated the conditions on which the 
iil4^ctive action at the beginning of a battery^ ehrimil; 
depends, experiments were next instithted to detetmliie 
Ibe nature of the effecfcs produced by this induoti<& i and 
the coils were arranged in the manner deserilNBd 
paper (HI. 79.), for producing currents 
orders. The result with this mrangetimnt was 
lo that •which I have descr ibed in r^rence to the 
Ohdiiiig iiiduciiim, name current of the ’ 

and fifth binders were readily obtain^* > 
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11^2 K Alsb, wlieii an airangement of apparatus truo made' 
MoSlar to that described in para^aph 87 of my last p^per; 
it found that a current of intensity could be induced 
from one of (juantity and the converse. 

22; Likewise^ the same screening or rather neutralizing 
eS^eet was produced, ivhen a plate of metal was interposed 
between Itwo consecutive conductors of the * series of 
currents, as was described (III. Section IV.) in reference 
to the ending induction, short, the series of induced 
currents produced at the begiunirig of the primary current 
appeared to possess, all the properties belonging to those 
of the indiietiou at i4ie eyeing of the same current. 

23. I iflay mention, in this place, that I have found, in 
thj^ourse of thest^ experimentSf that the •neutralizing 
power of a plate of jpetal depends, in some measure, on 
its superficial iftctent. Thus a broad plate which extends, 
in every dir ectwu, beyond the helix and coil, produces a 
more perfect s^ening than one ot^ the same metal and of 
the same thickness, but of a diameter only a little greater 
than that of the. coil. 

2d. The next stop in the investigation was to determine 
the direction of the ciulrents of the different orders 
produced by the beginning induction, and for this purpose 
the magnetizing spirals (5.) were used, and the results 
obtained by these verified by the indications of the 
galvanorueter. It -should be stated here, as a fact which 
was afterwards found of some impc^rtance, that although 
the needle of the galvanometer was powerfully deflected 
when the instrument w^as placed in the circuit of the- 
secondary current, yet a very feeble effect w^as produced 
on it by the action of the current of the third, fourth, or 
fifth order. Che directions, however, of these currents, as 
hidicated by the' feeble mi^n of the needle, were the 
same as those given by the filagnetizing spiral. 

25. The direction of the different currents produced at 
the making of the battery current, as determined by these 
iiastrumemts, is as follc^s: naAely, the direction of Ihe 
secondary current lis, as stated by Dr. Faraday, adverse to 
“that o?the primary current, and,* also, the direction of 
M^h. Buoceedipg current is opposite to that of the one 
#htch ptoduced it* We have, therefore, from' these resultsi 
those formerly obtained (111. 92.), the following series 
bf '^irectioinis of currents, one produced ai*the momenVof 
and the other at that of ending of the hatbe^ 
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PriOMiy «*rent + ,..... + 

S«»ndBry current ......... -- T , 

GUCTTOtofthetibirdorac^.. + ••*'*' *T 

'Ci^risntof tii© fotirtli order — * ••/*** 

■ Cartsent of the fifth order + , 

2# These two seties, at l^t sight, may aj^» 

pre^ely the -tesult^ given w ,t*o 

pUr^raphs, it is due to Mn 

that in a letter addressed to me, and in tbe 

Atinals of Electricity, he ^lias predieted,**il«>m hw theory, 
J^atfnould find on^caaftination, the series of alterna^ 
of currents for the begaining induction which 1 haseh*^ 
^ve^ 1 may, howevSr, add, that it appears to m<*«fet 
^is rt*ult mi-ht have been predicted witliout rfeferenw tO 
any theory .t There was no reason to suppose the indaWion 
a^ the bSnning would be different in its nature from that 
ftth^Xg, and therefore the ser es winch would be 
Soduwd from the former might be immedm eiy mter«d 
?rom that belonging to the latter, by recollecting that the 
fh^tlon Of the induction at the begmninjf should he 
SslL 2 thm at the ending. I do not wbh it to be 
feuppoaed, however, from this remark, that I bad, mys^, 
draL any inference from my experiments as to the altw- 
Stens of currents which mighty profiuc^ by flm 
Shinning induction ; the H this 

f^bte with the arrangemertr of apparatus I ^pteypd, 
SiWT supposed it could not produce a senee of ounreBte 
"of the Affere nt order's. ^ 

V. in the course of the experi^nts given m Aw 
^'tioBi I have foutid that a shock can be Produo^ 
i^hout using a. coil, by ' arranging abotit ten 
^ battery in tb« form of a cir^e, ^ 

Srbm this, The shock was felt m . the hehds et. 
S£ht of cWhig Ae circuit, but the effe^ at opemng Ae 
i ffow* wgB Scarcely P®tceptA*«,t^®’*®h 

ajiifeApt wasijao made-to get 
+ We Ii«« a«t Urn* •* v"“”‘ *•,’ ""“K* "®y w»“l“ oa dll* potoi.'iiut 

iliSy a»7 be MpMtsi <“ ta« B»*l Ne.— hair- 



placing tb6 balix withiti a eJrcle of diluli acid^ cobaaetM 
wilh a battery instead of a coil, but tte efect^ if anv^ 
was very feebk " * ^ * 

29. i have shown, in the second nnrttber of my eobtri* 
butibns, that if the body be introduced into a circuit with 
a batteiT of one hundred and twenty elements, without a 
casll, a ttelliOg sensation ^w ill be felt during the cohtinn- 
anoe of the current, and ^ Shock will be experienced at the 
moment of interrupting the current by breaking th^ circhit 
at any point. This result is evidently due to the induc- 
tion of a secondary current battery itself, and on this 
Ainciple^the remarliable physiological effects produced by 
br. Ure ^on the body of a malefactor, may be explained. 
'iJj(^body, in these experiments, w'as made t<V form a part 
ofa circuit, with a compound galvanic apparatus in which 
a series of interruptions was rapidly made by drawing the 
end of the conductor over the edges of the plates of the 
battery. By fffts operation a serjcs of induced currents 
must have beeif produced in the battery itself, ilie intensity 
of which was greater than that of the primary current. 

In this connexion I may mention that the idea has 
dccurred to me, that the iiftense shocks given by the elec- 
trical fish may poSsibly be from a secondary^ current, and 
that the great amount of nervous organization found in 
these animals may serve the purpose ofa long conductor.^ 
It appeals to me, that in the present state of knowledge, 
this is the only way in w'hicn we can conceive of such 
intense electricity being produced in organs imperfectly 
insulated and immersed in a conducting medium. But we 
have seen that an original current of feeble intensity can 
induce, in a Jong wire, a secondary current capable of 
giving intense shocks*, although the several strands of the 
wire are separated from each other' only by a covering of 
bbtton thread. Whatever may be the worth of this sugges- 
tion, the ^condary current affords the means of imitating 
the phenomena of the shock from' the electrical eel, as 
deaeribed by Dr. Farad«y. B/ immersing the apparatus 
(Fig. in a shallow vessel of watery the bandies, being 
fdaeed at the two extremities of the*diameter of the helix, 
atid the hands plunged into the water parallel to a line 
| 0 ln}% rile two poles, a shock is felt through the arms; but 
theedntact with the water is made in a line at right 

* Wrldtift ibe above, X fdtitid ibat M. 'BXailoa ^ 



32: Projfi J. Jffmrjsfs (?anirBuii0is 

tjie hBt^ only afidigkt sonsation i$ felt in eacl^; 
liand, but no Bho^* ^ 

31* Since the publication of my last*pimer 9 I have ex« 
hlblted to my class the . experiment (No. ill.. Sect* III.) 
t^latke to tlie induction at a distance on a much larger 
scale* All my coils were united so as to form a 
lengilh of Conductor of about four hundred feet, and 
was rolled into a ring of five ana a half feet in diametert 
aiM su§pended vertically against the inside of the large 
folding door which separate the laboratory froto the lecture- 
room. On the other side of the doors, in the lecture- 
room, and directly opj^site the^ coil,'* was placed a helik, 
formed of Upwards of a n^e of copper wire, on#-sixteenth 
of an inch tliicknes^’, ^d w^ound into a hoop of jpur 
feet in diameter. With this arrangement, and a battery of 
one hundred and forty-seven square*^ feet uf zinc surface 
divided into eight elements, shocks were perceptible ia;|ifagfc 
tongue, when the two conductors \rerc s^mated, to ' 
distance of nearly seven feet ; at the distance of 
three and four feet, the shocks were (^uUe sevs¥rtf%,' *rae 
exhibition was rendered more interesting by causing, the 
induction to take place through a number of persons 
standing in a row between the tw o conductors. 

Sect. II.— 0» apparently two kinds of Ekctro^ymanic 
Induction, 

32. The investigations arranged under this head had 
ibeir origin in the following circumstances. After the 
publication of my last paper, I received, through the kind- 
ness of Dr. Faraday, a copy of the fourteenth series of 
his researches, and in this 1 w as surprised to find a state- 
ment which appeared in direct opposition to one of the 
principal facts of my Communication. In par^rapb 38* 

I state, in substance, that when a plate of mem is inter- 
posed between the coil transmitting a galvanic 
and the helix placed .abo<e it to ^^eive the Indpotienv 
shock from trie secondary current il, almc^ perfi^l^y; 
neutralized. Dr. FAraday, in the extension 
and ingenious views of the agency of tb€i 
parUcles iu transmitting induction, was led to 
experiment on the same point; and appaT^nlfy# 
saine U^eumfi!tances, he found that it makes Wt ^ 
wimther the intirvemnjg space 
cdodatoiem isjOceupML by such msiufttmg bodleaiae tairr 
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Ife^bur, aad sH^lUac, <ir such conducting bodies as 66]^jpisi* 
auff otber non-magnctic metals.” 

33. AJs the ihveetigatioii of the fact mentioned above 
• forms an imjiortant part of my paper, and is intimately. 

connected witli almost all the phenomena subsequently 
described in the communication, I was, of course, 
anxious to discover the caiise of so remarkable a discre- 
pancy. There could be tio doubt of the truth of mar 
results, since a shock from a secondary current •which 
w ould paralyze the arms was? so much reduced by the in- 
ter^josition of plates of metal, as scarcely to" be felt 
through th^ tongue. * * • 

34. After some rcdlecHon, however, the thou^t occurred 
to •illf'that inductioTwnight be prc/tluced in such a way as 
not to bo affect^l by Ae interposition of a plate of metal. 
To understand tills, suppose the end of a magnetic bar 
placed nernendigldarlv under the middle of a plate of 
copper, and a nclix suddenly brought down on this ; an 
innuced current wamld lie produced in the lielix by its 
motion towards the plate, since the copper, in this case, 
coyitd* not screen Jthc magnetic infiuouce. Now, if \vc 
substitute for the magnet a coil through Avhicli a galvanic 
cummt is passing, the eH'ect should be the. oaine. The 
experiment w^as tried by attacliing the ends of the helix to 
a galvanometer,* and t!ie result w'as as I expected ; when 
the coil waf suddenly brought down on ihe plate tlie needle 
swung in one direction, and when lifted iij), in the other; 
the amount of deflection being the same, whether the plate 
w'as interposed or not. 

35. It must be observed in this experiment, that the 
plate was at regt, and (‘pnscqiientiy did not partake of thp 
induction produced by the motion of the helix. From my 
previous investigations, I was led to conclude that a 

^different result woul.d follow, were a current also generated 
in the plate by simultaneously moving it up and down with 
the Tills coacliisiijip, how (kver, w as not correct, fop 

on , making* the exji^riment, I found that the needle W'^as 
•just as m«ch affected when the plate* was put in motion 
with the helix as when tlie latter alone was moved. 

38. This result was so unexpected and remarkable, that 
It considered necessary to repeat and vary the experi- 

^ tifha iiaadily uodprstood by supposing in Fig, 1. , 

the handled x^mored, and the ends bf the helix joined to the ends of Ihe 
g«tv«doiskotett aliiOk by afiate of jmeUU iat^rposed boiifeoa tba 
bell And the coil, 

a • ' • 
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in several ways. First, a tptl was feterpos^^ 
i^ste^4 of plate, bot wbetber the coil was at rest 
motion With the heUx, with its ends separated of joihedt 
i^e effect pn the galvanometer was still the same ; the 
Istot scifeoping inluehce could be observed. In refer^ca 
to the use of the coil in this experiment, it will be rPebt- 
lected that I have found this article to produce a moce 
perfect neutralization than a pla^. 

S7. fekext, the apparatus remaining the same, and the 
helix at rest during tne experiment# currcsnts were induced 
in it by moving the battery attached to the coil up and 
down in the acid. But in this case, as in the others, the 
effect on the galvanometer was the same, wliether the 
plate or coil^was interposed or not. ^ J 

38. The experiment was also trie^ with magneto-elbc- 
tricity. For this purpose, about forty feet 'if copper wire, 
covered with silk were wound around a shont* cylinder of stiff 
paper, and into this was inserted a hollowvylinder of sheet 
copper, and into this again, a short rod of soft iron ; When 
the latter was rendered magnetic, by suddenly bringing in. 
contax^t with its two ends the different poles of two «tiag- 
nets* a current, of course, was 'gen era ted in the wire, and 
this, as before, was found to affect the galvanometer to the 
same degree when the copper cylinder was interposed, as 
when nothing but the paper intervened. 

3,9. The last experiment was also varied by^wrappinS 
two copper wares of equal length around the middle oi the 
keeper of a horse-shoe magnet, leaving the ends of the 
inner one projecting, and those of the outer attached to 
the galvanometer. A current was generated in each by 
moving the keeper on the ends of the magnet, but the effect 
oif the galvanometer was not in the least '^mihished by 
joining the ends of the inner wire. 

40. At first sight, it might appear that all these 
.are at variance with those detailed in my last papef, ' 
jtive to the effect of interposed coils and plates of mei)^* 
But it will be observed,’' that innall the experipieii^ jj^t 
mven, the induced currents are not'^tbe same ks 
described iii my last 'communication. They uS 
duced by motion, and have an appreciable 
j; 4 ^iitmues as long as the motion existsi lliey are bf« 
teiw i|iiteii4fy» and thus ^ar I have not been able Id get 
shocks by anV arrangement of apparatus 

kind. On the otber hand, me currents prodobid at 
tb$ pt or 
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^ current, are «^£, considerable intensity, and exist but for an 
these, and other facts presently to be^men- 
tipned, I. was led to suppose, that there a^re two kinds of 
elecl^o^dyha^ie induction ; one of which can be neutra- 
lized by the interposition of a metallic plate between thh 
ehndnctprs and the other not. 

, 4i. In reference "to this surmise, it became important 
to examine again all the fhaenomena of induction at sad- 
^nly making and breaking a gah'anic cun-ent.* And#itt 
fSmhexion with this partof^the subject, I will first Mention 
a fact which was' observed in the course of the experiments 
given in the last sgotion, on the direction of the induced 
currents af different ordure. It was found, that thpugh 
the indications of the galvanometer were the same as those 
oPtSe spiral, in ref<?rence to the ^direction of the induced 
currents, yet jthey ^ere very different in regard to the 
intensity of th^.^action. Thus, 'when the arrangement of 
the apparatus such that the induction at making the 
battery circuit was so feeble not to give the least 
magnetism to the needle, and so powerful at the ending as 
to iqagnetize it to saturation, the indication of the galva- 
norfleter was the same in lv)th cases. 

42. Also, similar results were obtained in comparing 
the shock and the deflection of the galvanometer! In 
one experiment, for example, the shock was so feeble at 

' xnakipg contact that it could scarcely be perceived in the 
fingers, ffut so powerful at the breaking of the circuit as 
to be felt in the breast ; yet the galvanometer was 
deflected about thirty-five degrees to the right, at the 
beginning of the current, and only an equal number of 
degrees to the left, at the ending of the same. 

43. In an^^thcr e:|periiTient, the apparatus being the 
same as before, the magnetizing spiral and the galvano- 

, x^etef were both at once introduced into the circuit of the 
belix, A*sewing needle beiiig placed in the spiral, and the 
contact with the battery made, the needle showed no signs 
brjiaegnetism, although the galvanometer veas deflected 
thirty dfigrees. •The needle being replaced, and the 
battery* circuit broken, it was now 4ound strongly magne- 
tized^ yvbile the galvanometer was only moved about as 
f as befo in the* opposite direction. 

^ effects similar to those described in the last 

produced when the apparatus was, so 



an t6 cause the ipditictien at the ]|>egi|imf)g of ' 
lottery cuireiit t© predoiuinate. In this case jjhe 
ipetar. yras still xi^arly ^ually affected at xpaknu^^axid 
hreelcW battery contact^ or apy difference whica 
<^seryea could be referred to a variation -in tbo power rf 
Ihe jiwittery during the experixnent. > 

45. Another fact of knoortan^re belonging to the sfluXKI 
cl^ss has been mentionea befone (24*), namely» that the 
actions of the currents of the third, fourth, and ffftii ordei% 
produce a very small effect on the galvanometer, compared 
with that of the secondary current ; . and thJs' is not aIoi|e 
OB accoimt of the diminishing 90 we^ of tl>e |pccessive, 
inductions, as will be evident from the following experi- 
ment. By Aising the helix from the <'^oil, in the 

ment of apparatus for the secondarr current, the shock 
was so diminished as to be inferior to one produced by the 
arrangement for a tertiary current ; yet, ^while witlx the 
secondary current the* needle was Jefleefipd twenty-five 
degrees, with the tertiary it scarcely moved niore than one 
degree ; and with the currents of the fourth and fifth orders 
the defiections were still less, resembling the effect 
slight impulse given to the end of the needle. 

46. With the light obtained from the foregoing experi.. 
xnents, I was the more fully persuaded that some new and 
interesting results might be obtained by a re-examinatloa 
of my former experiments, on the phsenoinena of 'the 
posed plate of metal, in the case where the inductiox\,iP^ 
prodiuced by making and breaking the circuit with 

of mercury ; and in this 1 was not disappointed. 
fFig, 1.) being connected with a battery of ten elemental 
wie shocks, both at making and breaking the 
very severe; and these, as usual, were afinost ^jSiatirely. 
neutralised by the interposition of a zinc plate. But wbesi- 
the galvanometer was introduced into tae circuit ins^ad 
of the body, its indications were the same whether Ih# 
plate was inteiyosed or pot; or,jn other words, Ihe 
irahpmeter indicated no screening, whyo, undi^ the Same ^ 
okcumstancea^ the sheck^ were neutralized. )i 

47*. A dmilar effect was observed when 4he 
xntor tmd the ma^etizing spiral were togetbar 

The interposition <rf the plate ontirely v. 
tbp magnetiEpg power of the 
enoe to tempered steel, while the 
ndmeter were unaffected. 

45. In ordef ; |o;ilincf^^ number of.lacts belonging 

ta this dasSf me last experiments were varied in severiu 
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and iaist^ad of the hard steel naedl4 M 
s^ iroti T»ke was placed ^in tlie spiraly with a sikidt 
quapt^ of irott nlings almeet in contact with one of itSf 
^nds. plate being interposed, tbe small particles oic 

iirop were attracted by the end of the needle^ indicating a 
feeble, temporary developement of magnetism. Hence 
Hie cun^nt which moves ^he needle, and is not neutralized 
by the interposed plate, also feebly magnetizes soft iron, 
but not hard steel. . * 

49. Again, the arrangement of apparatus being as in 
paragraph 46, instead of a plate of zinc; one of cast iron, 
of about same superfteial dimensions, but nearly half 
an inch thick, was interposed ; with this the magnetizing 
ptSMi^ of the spiral , *10 reference *to tempered steel, wao 
neutralized^ i^id, also, the action of the galvanometer 
was much dimgjbhed. 

50. Anothej,!^ Jesuit was obtained by plading in the 
circuit of the hmix (fig. 1 .), at the Same time, the galvano- 
meter, the spiral, and a drop of distilled water ; with these 
the magnetizing power of the spiral was the same as 

• wi-thbut the water, but the ileflection of the galvanometer 
was reduced from ten to about four degrees. In Mdition to 
these, tile body was also introduced into the gjame circuit ; 
the shocks were found very severe, the spiral magnetized 
’needles strongly, b^t the galvanometer was still less 
moved thiln before. The current of low intensity, which, 
defects tlie needle of the galvanometer in these instances, 
was partially intercepted by the imperfect conduction of 
the water and the body^ 

To exhibit the results of these experiments with 
atiB more precision, jan arrangement^ of apparatus was 
adoptedsimilar to that used by Dr. Farraday, and described 
ia the fourteenth series of his researches, namely, a 
^ilottble galvanometer was formed of two separate wires oi 
equal length and thickness, wound together on the same 
fradif ; and, also, a double magnetizing spiral was 
psmd by binding t^o equal wires around the sime piece 
» of hoUoie straw. Cpil No. 1*, conneeted with the battery, ' 
was supported perpendicularly on a table, and coils Nos. 
^3 and 4, were maced parallel to this, one bn each side, to 
*raeei!OS the , the ends of these being s6 joined 
the galvanometer and the ^iral that the irU 
the one coil would pass thioegh ^ 

: 5 8^ eiplKts vihfj trt, ivj 
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Wq in an onposite dii^c^inn to ttiat 

cinreiit frbtxi the other eou* «Tho two outside coSs #^ 
^tben so adjusted, by moving them to and frojm middle 
coil, that the induced currents perfectly neutralized each 
other in the two instruments, and the needle pf the gal- 
Tahometer and that in the spiral y ere both unaffected When 
the circuit of the battery was made and broken. With 
this delicate arrangement the Slightest difference ip the 
action of the two ciments would be rendered perceptible ; 
but when a zinc plate was introduced, so as to screen one 
of the coils, the needle of the galvanometer still remained 
perfectly stationary, indicating* dot the least act^n of the 
plate, while the needle . in the spiral became powerfully 
magnetic. When, however, a plate df iron was interpd^d 
instead of the one of zinc, the needld* of the galvanometer 
whs also affected. 

52. From the foregoing results it woui'^, seem that the 
secondary current, produced at the moment of suddenly 
beginning or ending of a galvani^' current, by making and 
breaking contact with a cup of mercury, consists of two 
parts, which possess different properties. One of tbese^nis 
of low intensity, can be interrupted by a drop of water, 
does not magnatize hardened steel needles, and is not 
screened by the interposition of a plate of any me^l, 
except iron, between the conductors. The other part is 
of considerable intensity^ is not intercepted by^ a drop of 
water, developes the magnetism of hardened steel, myes 
shocks, and is screened or neutralized by a closed con, or 
a plate of any kind of metal. Also, the induced current 
produced by moving a conductor towards or from a 
battery current, that produced by tli<e movement up 
and down of a battery in the acid, are of the nature Qt the 
"first-mentioned part, while tlie currents of tW, t^d, 
fourth, and fifth orders partake almost exidui^vely lof 
properties of the second part. ^ ^ ^ , 

. ' — ■■ 

I 53. The principal facts and conclusions of Bi^emn 
were announced to*' the Society in October 1^9, ,,andt 
presented in the form in which tiiey were dewed 
in the Annals of Electricity, Magnetism and Cheiiitety» &c., 
tv p^ 281. Since then, however, I bave/bad leisure 
Hto the subject more attentively, apd a|tW a^^refol 

these results with those 'befork giv^i;^ I 
tlie more definite vie we of tbi 
i^#iaeh ire pven fat the n^t ' 
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Cansideralvijrka relating to ths 
^^"pkekm&inma deeeribed in ^his and the preceding GM;'^ 

' ^ Bead NoC€mher2% 1840. 

■ ^ 54 . The experiments given in the last Ko. of my con- 
tjrthtltions were merely ai^j^anged under different heads, and 
ibnly soch inferences drawn from them as could be imme- 
' diately deduced without reference to a general explanation. 
The Edition, however, which I have since made to the 
number of facts, affords *the means of a wider generaliza- 
iSon ; and after an attentive consideration of all the results 
mven in this and the pfeceding papers, I have come to 
me^oncluslon that^they can all he referred^to the simple 
llws of the inductfon at the beginning and the ending of 
a galvanic current.^ 

55. In the course of tfese investigations the limited 
hypothesis whlth I have mdopted have been continually 
modified by the development of* new facts, and therefore 
my present views, with the further extension of the' 
subject, may also require important corrections. But I.am 

' induced to believe, from •its exact accordance With all the 
facts, so far as they have been compared, that if the expla- 
nation I now venture to give be not absolutely true, it is so, 

. at least, in approximation, and will therefore be of some 
importance in the ivay of suggesting new forms of experi- 
ment, or as a first step towards a more perfect generali- 
sation. 

56. To render the laws of induction at the beginning 
and the ending of a galvanic current more readily applicable 
to the explanation of the phaBnomena, they may be stated 

• as follows Dusing the time a galvanic current is in- 
’ ' creasing in quantity in a conductor, it induces, or tends 
td induce, a current in an adjoining parallel conductor in an 
^ to itself. 2. ’During the continuance of 

primary current in full quantity, no, inductive action is 
exerted. 3. But whea the same current begins to define 

i^uanaty, and during the whole time of ite dimii^ung> 
an IndfUced current is produced in*an opposite direction to 
f thd indeed current at the beginning of the primary 

"ST/ in ad<fitioa to these laws, I must frequently refer to 
that;|oAe9i the eame quantity ofeleetriciiy ma cur^ 
short duration is passed through a gahmommter^ 
on the needle is the earner tohateugr be 
^eini^tgofihejriut^ By intensity i» JhejfeuiH^ . 
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ih^ ri^tio pf a given quantity ^Mprcp ipj- Jl^ 
jp it ip expended * ; and aecordtug to tjbiis yiaw, tii<^ 

pi;opaaiiion stated - is an evident inference from dynamic 
®prjncip^es. . But it does not rest alone on oonsideraiions'df 
tbb kind, since it bas been, proved experimentally by 0r. 
Ife'araday, in the third seiies of his researclies.t 

58. In order to fprm a definit^. conception of the several 
conditions of the complex phfcnomena which we are about 

- to^invei^igate, I have adopted tfie method often employed 
in physicdi inquiries, of representing, the varying elements 
of action by the different parts of a curve. 'I'hb artiffee 
has been of much assistance to me iff studying the subjeel:, 
and without tlie use of it at present, I could scal*cely hope 
ti) present my views in an intelligible manner t<> the 
Society. ^ ^ 

59. After making these preliminary statt.mcuts, we will 

BOW }iroceed to consider the several piuxmoiiiona ; and, first, 
let Ufi take the case in which the induction fsenost obviously 
produced in ac<;ordance with the laws as above stated 
namely, by iinuicrsing a battery into the acid, and also by 
withdrawing it from the same. During the time of de- 
scent of the batlery into the Ikjukl, tlm conductor corf- 
nected with it is constantly receiving additional quantities 
of current elecUicity, and each of these additions produces 
an inductive action on the adjoining secondary conductor. 
The amount, therefore, of induced current produo^^ during 
pny moment of time will be just in proportion to the cor- 
jespoiidiug increase in the current of tlic battery dunng the 
fame moment. Also, the amount of induction dupng any 
Wioment while the current of the battery is dimuiishiug in 
quantity will be in proportion to the decrease during tii© 
same moment. . 

d(). llie several conditions of this experiment may be 
represented by the difl'erent.parts of the curve. A, B, C, 
fig. 2, in which the distances, A a, A 6, Ac^/ieproaent 
times during which the battery is desc^Kling ip 
|e»ent depllis into the acM; andnhe corr^pondmg 

ag^ h cB, represent the amount of eBtrept elec- 
tricity irk the battery’ conductor corresponding these 
times. The differenecMB of the ordinates, namely, hd, 
'»A.;^3?press the incr^se in ^the 
Iju^ent during the coiresponding of 

^ ;* 0t aM«s»^o©itocUy. t&e raa<i <«f tiro Ow IKW 

r«yreaentTnfitl4« aiid-UxDo. 1 

^ ^ AimiO* of Blwsdelly, *«. toJ. 1., pi 
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fey A«# «fe, be; and sinee the inductiw ^(stiotis 
( 49 .) ar^ just in proportion to these Increases/ tW iw^ 
differences wHi also represent the amount of indnced ac- 
tion eiterted on the secondary conductor during the same 
moment of time^» 

Fig. 2. 



When the h^ttcry is fall}’*immersed fn the acid, or 
when the current ii^the conductor has reached its state of 
maximum qiltnticy, and during the time of its remaining 
constant, no induction is exerted ; and this condition is ex- 
pressed by constant ordinates^of the part of the curve 
B C, parallel to the axis. Also, the inductive action pro- 
duced by each diminution of the battery current, while the 
apparatus is in the progress of being drawm from the acid, 
will be represented by the differences of the ordinates at 
tlie other end, C D, of the curve. , 

62, The sura of the several increments of the battery 
current, up to its full developmetit, will be expressed by 
the ordinate c B, and this will, therefore, also represent 
the whole amount of inductive action exerted in one direc* 
tion at the beginning of the primary current; and, for the 
same reason, the equal ordinate, C d, will represent the 
whole induction in the other direction at the ending of the 
same current,. Also, the whole time of continuance of the 
inductive aeSon at the beginning and ending will be re- 
presented by A c and c? D. 

63. If we suppose the battery to bo plunged into the 
acid to the same depth, but more rapidly than before, then 
tbe time represented by Ac be diminished, while the 
wifole amount of, indifctive force expended remains ^the 
same ; Jlenee, since the same quantity of force is exerted 
fel la less time, a greater intensity of action will be ptu- 
dufeed f570> ^fed cJbnsequently a current of more intensity, 
ifeyt 1^^ duration, will he generated in the secon<^ry 

The inten^ty of the induce^ currents wijl, 
Aerefore, evidently be expressed by the ratio of the or^ 
'ffiate V B to the abscissa \ c. Or, In more general and 
tihe feMty of, the feiductSve 
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win h^ repreANited by lbe jraii0 rate 

of tbe ordifMM^ that 

mi3mmt\ f. ;. ■ . /c.'y/ 4 

\.jS4*: l| ig erident from the last pari^]^b« ibai^,^ 
gimfm or le^ inteBsity of the ipdticiiye wSl be; im- 

mfgdiat^y preseoted to the eye» by the greater oy less oV 
liquiiy of the seiv^ral oarta of th€hourve to die axis. Xhli^ 
if the battery be Budoeoly plno^d into the acid lor a 
distanee^ then gradu^y Immersed ^rot^ the re^ 
matnder of the depth, the varying aoth»n wiE be exhibited 
at once W the form of A B, the first p^t of die euryf, 
fig. 2. Ine steepness of the part A ^ will Indicate. an m* 
t^se action for a short ume A a, whilejbe part g*B denotes, 
a more feeble induction during the tlmp represented 
In the same way, by drawing up th^ battery suddenly at 
first, and afterwards slowly, we may produde an inductive 
action such as would be represented by the parts between 
C and D of the ending ,of the curve. 

Having thus obtained representations of tfie dif- 
ferent elements of action, we &ie now prepared to apply 
these to the phenomena. And, first, however varied»may 
be the intensity of the induction expressed by the difierefit 
pai^s of the two ends of the curve, we may ifiunediately 
infer that a galvanometer, placed in tlie circuit of the se- 
^ condary conductor, will be equally affected at the begin- * 
ning and ending of the primary current ; for, since the de- 
fiection of this instrument is due to the whole amount of a 


current, whatever may be its intensity (57.), and since the 
ordhnates c B and C d are equal, wtuch represent the 
quantity of induction in the two directions, and, con^ 
quently, the amount of the secondary current, therefore the 
deflection at the beginning and encfiug of tlfe battery our- 
swut will, in all cases, be equaL This inference is in sf^t 
accordance with the resists, of experiment ; fqr howeym 
jrajpidly or slowly we may plunge the battery i^e* 
and howevi^ OTegular niay be the rate at w&h 
it is drawn out, still if t& whole liffect^be prc^u^^ iylj^^ 
the time of one swiw of the needle, the gatvapopeter 
;ls deflected to an equal degree. ^ ^ , 


*^2f®***^^ to **>« diffwwntial aotetion, tlie * 

aftxs may l» 

sad Uiii will b® exj^mced by x ««d y isfie- 
j|e Tsiisbla SbadM aad'ordlDidry;' ' "' f ^ S t‘ ' 
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^ ^6. Agftin* tiie intensity of one part aS 1:h(6 indiietli^^ 
tion, for example that represented- by "A may bd #11^ 

ipps^ so gr^at as to producd a secondary curreht capayb 
of pchetratmg* "the bodys and of thus prefacing a shodc* 
while the other parts of the action, represented by a B and 
C'P, are so feeme as to affect the galvanometer only. We 
^duld then have a result^the same as one^of those given in 
the last section ( 42 .), and which was supposed to he {9*0- 
daced hy two kinds of induction ; for if the shock^were re- 
ferred to as the test of the existence of an induced current, 
one would be found ,at the beginning only of tile battery 
current, ^while, if the geXvononteter were consulted, we 
would perceive the ejects of a current as powerful at the. 
eikdlffig as at the bti^inning. • * 

67 . The results jpentioned in* the last paragraph cannot 
be obtained % plunging a battery into the acid ; the for- 
mation of the {urrent in* this way is not sufficiently rapid 
to produce a^oek. The example was given to illustrate 
the manner in which the same effect is supposed to be pro- 
duced, in the case of the more sudden formation of a cur- 
yedt, by plunging one end of the conductor into a cup of 
mercury permanently attached to a battery already in the 
acid, aUd in full operation. The current, in this cas<e, 
rapid as may be its develc^ment, cannot be supposed to 
' assume per saltum its maximum state of quantity ; on the 
contrary, from the general law of continuity, we would 
infer that It passes through all the intermediate states of 
quantity, from that of no current, if the expression may 
he allowed^ to one of full development ; there, are, however, 
considerations of an experimental nature which would lead 
us to the sa^e conclusion ( 18 , 90 .), and also to the further 
inference that the decline of the current is not instanla- 
’ neous. According to this view, therefore, the inductive 
actions at the be^nning and ending of a primary cturent, 
’of which riie formatiotL and interruption is enected by 
‘ xfteans of contact wim a cqp of mercury, may also be 
ll^reSetft^by the several parts of the curve, fig. 12, • 

• We have now ta consider how the rate of incioase 
or diminution of the current, in the case m questida, can 
be altm^ed by a change in the different parts of the 

first, &t tui take the^ example of a skigln 
a conductor, making ojuy one dr two 

r Vliook mw va thv iatoiwity JJw 
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ar0i«i4 tfie vitb ^l« afTi^g^]9«i»f i f«eUe 

as we have seeit (IK), will be felt at the i&aki%^ 
and also at the breakii^ of ^e .drcuiu In thia case it 
v(Oidd seem that almost the anly impediment to the moat 
rapid development of the current would he the resistance 
to conduction of the metal ; and this we might suppose 
would be more rapidly overcomahy increasing the temium 
of ^ the electricity and, accordingly, wo find, that if die 
number «of the elements of the battery be increased, the 
dmck at making the circuit will also be increased^ while at 
breaking the circuit will remain nearly the same* 
explain, however, this effect raore^mintttely, we must call to 
mind the fact before referred to (17), that when the poles 
of a Cbmpoulid battery are not connected, the appaaatps 
acquires an accumulation of electricity^ which is discharge 
at the first moment of contact, and which in this case would 
more rapidly develope the full current, and hence x>rodao& 
the more intense action ^)n the helix at mdktiig the circuit. 

69. The shock, and also the deflection of the needle, at 
breaking the circuit with a compound battery and a short 
coil (9), appears nearly the same as with a battery a 
single element, because the acchmulatioii just mentioned^ 
in the compound battery, is discharged almost instantly, 
and, according to the theory (71.) of the galvanic current, 
.^leaves the constant current in the conductor nearly in the 
same state of quantity as that which would bp produced 
by a battery of a single element ; and hence the ^conditions 
of the ending of the current arc the same in both cases. 
Indeed? in reference to the ending inducdoxi, it may be 
assumed as a fact wliieh is in accordance with all the 
experiments (9, 13, 73, 74, 75, 70, &c.), ^ weU as with 
theoretical considerations*', that when the circuit u broken 
bfu cup, of mercury^ the rate of the diminution of the. 
currenif within certain limits^ remains the smne^ 
tike intensity of the electricity y* the iengik of th^ coum f 
4mior moy be varied. ^ 

■ . ]^ig.8. - 
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* td. cottditwn^r of tbe for^gbiti^ 0tEnmleB 

01% e)&MbiliBd by tho pa^ts of the eurv%a» %s. 3 mi 4; 
Tfae gr«kiu 0 l development M the curreot in th#'6holt 

• oonduetor) with « single battery, and the gradual decline 
of ' the samOy a»e represented by the gentle rise of A B 
and fall of C D, fig. 3; while, in the next fig. (4.), the 
suddeti ride of A B indicates the intensity which produces 
the increased shock, aftei^ the number of elements of 
batiei^ has been increased. The accumulation* of thO- 
electricity, which almost instantly subsides, is represented 
by the part B os, fig. 4 ; and from this we see, at ohce, 
that although the llK>ck#is increased by using the com- 
}>ound battery, yet the needle of the galvanometer will be 
d^lpiPffted only to thy same number of degrees, since the 
parts B c and c e gi^ inductive actions in contrary dir^- 
tions, and botff within the tim^e of a single swing of *© 
needle, and, ccjisequently, will neutralize each other. " 
The resultiugHeflecting force witt, therefore, be repre- 
sented by 0 /i which is equal to C A, or to h B, in fig. 3, 


*• c Fig. 19. 



The intensity of the shock at the breaking is reprS-* 
sented as being the same in the two figures, by the 
similarity of tjie rate ^of descent of the part C D of the 
curve in each. * 

71. We have said (69.) that the quantity of current 
^^electricity in a short conductor' and a compound battem 
after the first discharge, is nearly the. same as with a sin^O 
baHery. The exact quantity, according to the theory^ 
Ohm/m rfuuit of length of the conductor, is given by the 
► formula# ' • 






' ‘"n"h' 

V n +nE* 


n reiyesents the number of elenifents ; A* the 
eleeta^etive force of one element j r, the resistance, fo, . 

R, 'the "length 

ooiMu^tbf, or rather its resistance to conduction in terfos 

of r. Now, when A is very’small, in reference to rn, as 
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i« 4}ie dase iPidUb a vary sboit metallic conductor^ it majr be 
neglectedf aM tbeo toe exiiressieo beeoixM . ?; .. 

^ nA A 


and since this expresses the qnaetit^ of current electricity 
in^ unit of the length of the ciacutt, with eitlier a single 
or a eomprotind battery, ther^ore, with a short conductor, 
the quantity of current electricity in the two eases is nearly 
Ihe same* 

72* Let us next return 40 the experiment with a battery 
of a single element (68.), and instead of incrdksing the 
intensity of the apparatus, as in the ^st example, le^^e 
leogth of the conductor be increased ^then the intensity of 
tWT shock at tlie beginning of the current* as we have 
eeen(l4.), will be diminished, while that ef the one at the 
ending will be increa^d. That the shdc^k should be 
lessened at the beginning, by ipcreafing the length of the 
conductor, is not surprising, shiee, as we might suppose^ 
the increased resistance to conduction would diminisxuvthe 


rapidity of the development bf the current* But the ‘ 
secondary current, which is produced in the conductor of 
the primary current itself, as we have seen (19.), is the 
principal cause which lessens the intensity of the shock, > 
and the effect of this, as will be shewn hereafterii may also 
be inferred from the principles we have adopted* 

73* Tho explanation of the increased shock at the 
moment of breaking the circuit with the long conductor, 
rests on the assumption beforeymentioned (69.), tbat the 
velocity of the diminution of a current is nearly (h© same 
in the case of a long conductor as sn that df a shoit one. 
But, to understand the application of this principle more 
* minutely, we must refer to the change whi^ taltes |dt€e 
in the quantity of the curreht in the conductor by vaiying*^ 
its length; and this will be -given by another ap^iciMSion 
of the formula before stated (ii y* ^is, in the ease^of a 
Hidngle battery, in whj^h it equals unity, becoiaos ^ 





,1^ tliii*, «s wUl . be recollected*. reproseatB the 
electricity in a uoit of.leogth j of the 
.«imdai!tor^ r^^|^^ iolw from it that, hyi^creii^jSl^^e < 
the coodoctor, 'or the value of R, the i|aa»my 
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of c^mreiit iniBi unit of the length i» laraienod, - And if die 
re^stanceof a unit of the len^ of the conductor were 
very great in comparison with that of r (the resistance of 
one element of the battery), then the formula would 
become 

A 

V,' • R ' ■ ' 

or the in a single unit of the conductor would ne 

nrereely as its entire length, and hence the amount of 
current electricity in the whole conductor would be a 
constant quantity, wHate^r might be its length* This, 
however,^n never be the case in any of our experiments, 
sjn^ln no instance is the resistance of ^ery great in 
reference to r, ancf therefore, according to the formula 
(73.), the whole quantity of current electricity in a long 
conductor is always somewhat greater than in a short one. 

• 74. Let uSfhbwever, in order tp simplify the conditions 
of tlie induction at the ending of a current, suppose that 
the quantity in a unit of the conductor is inversely as its 
whole length, or in other \vords, that the quantity of 
iJurrent electricity is the sUme in a long conductor as in a 
short one ; and let us also suppose, for an e^a.mple, that 
the length of the spiral conductor, fig. 1, was increased 
from one spire to twenty spires ; then, if tlie velocity of 
the diminution of the section of the current is the same 
(69.) in the long conductor as in the short one; the shock 
which would be received by submitting the helix td the 
action of one spire of the long coil would be nearly of the 
same intensity as that from one spire of the short con- 
ductor ; the quantity of induction, however, as shown by 
ibe galvanonmter, should be nearly twenty times less; and 
these mferences 1 have found in accordance with the 
results oft experiments (75). i .If, however, instead of 
^pfaeing the helix on one spire of tbo loug conductor, it be 
aulnnitted at once to the influence of all the twenty spires, 
« then the* intensitj^ of die shocl^ should be twenty tiAes 
greater, since twenty times the quantity of eunrent elec- 
tricity collapses, if we may be allowed the expression, in 
the same time, and exerts at once all its influence on the 
helix. If, in addition to this, we add the consideration, 
the whole quantity of current electricity in a^ong 
is greati^ that in. a shoW" one (73.)^ we 
hifVe a further reason for the increaie of the t^Miisl 
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75* Tlie iiifiiretwJe given in the last pava^aphi fdiatiya 
to the change In the quantity jjf the induction, hut not hi 
the intensity of the shock from a single spire, by increasing 
the whole length of the conductor, is showii to be true by 
repeating the experiment described in paragraph 18* In 
this, as wo have seen, the intensity of the shock retnained 
the same, although the length of^c circuit was inctoased 
byiflho addition of coil No, 2. When, hbwOvet, the gal- 
vanoroetfir was employed in the same arrangenmnt, the 
whole quantity of induction, as indicated by the deflection 
of the needle, was diminished almost in proportion to the 
increased length of the circuit. was led to q^akb this 
addition to tl\e experiment (13.) by my present views. 

76. The explanation gfvenin paragraph 74 alsoincfMt/K 
that of the peculiar action of a long conductor, either 
coiled or extended, in giving shocks and sharks from # 
battery of a single element, discovered byj*myself in 1831 
(see Conf rib, No. 11. ). ♦■.The induction, in t&s case, takes 
place in the conductor of the primary current itself, and 
the secondary’ current which is produced is geUcTUted by 
the joint action of each unit of ,the length of the pritfrary 
current. 1-et us suppose, for illustration, that the con- 
ductor was at first one foot long, and afterwards incseased 
to twenty feet. In the first case, because the short con- 
ductor would transmit a greater quantity of electricity, the 
secondary current produced by it would be one %f Consi- 
derable quantity or power to deflect a galvonmneter ; but 
it Would be of feeble i^nsity, for although the primary 
current would collapse? with its usual velocity (69.), yet, 
acting on only a foot of conducting matter, the effect (74) 
would be feeble. In the second case, eac^ foot of the 
twenty feet of the primary' current would severally produce 
an inductive action of the same intensity ae tfeit Cf the 
shori <ipnductor, the velocity of collapsion b0mg*the satOe 
and as they are all at once exerted on the saine conductor, ^ 
a ICcondary current would resulj. of twefliy 
intensi^ of the current in the former case. ^ v 

jit. To render this explanation more explicit, it«may b© 
pTp^4t mention, that a current produced by ^n induc- 
bne part of a long conductor of uniform i&aineter, 
muSt exist, of the same intensity, in every otbq|;pm4;tlof 
con^dtor.; hence the action of the several ul^ts length 
of thb jprimiary current must enforce ««j6h 4Hih©r,~ iLmi pro^., 
dune the ^me effect on its own conductor that tb^ Jj/upe 
ciffreut Wodid if it were^m a coil, and aeting' 
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toii^dy «d4» that in this case, as p the given 
grajjih the n4iol© amomit of inductioii is greater wi|^ ; 
the iong e^auetor than short oae» heeanse Ae , 

•quantity i^eurr^^t electricity b greater in the former than. 

, in the latter. ' . 

78. We may neat consider the character of the secondary 
current, in reference to its%kc^n in producing a tertiary • 
current in a third conductor. The secondary currenj; 
consists, as we inay suppose, in the disturbance, for , 

* an in^nt, of the natural electricity of the metal, which, 
8ul|slding, leaves die conductor again in its natural state ; 
and wheth^ it is prddfuced.hy the beginning or ending of . 
a primary current, its nature, as we have seen (22), b the 
satue,^^ ^though the|ime of contuniance of the secondary, 
current b vmry shoi^ still we must suppose it to have 
some duration, 'and that it increases, by degrees, to a 
state of maximunf development, and then diminishes to the 
normal conditidB of the metal of the conductor ; the velo- 
city of its development, like that of the primary current, 
will depend on the intensity of the action by which it ia 
generated, and also, perhaps, in some degree, on the 
resistance of the conductor; while, agreeably to hypo- 
thesis we have assumed ^69), the velocity of its diminution 
is nearly a constant quantity, and b hot affected by changes 
in these conditions ; hence, if wc suppose the induction 
wbidi produces the secondary current to be sufficiently 
intense, the velocity of its development will exceed that 
of ito diminution, as in the example of die primary current 
hrom the intense source of the compound battery of many 
elements. Kow this b the case with the inductions which ^ 
produce eiirreii|8 of the different orders, capable of giving 
shocks 4>r of magnatl^ing steel needles : the secondary 
curfWts from these are always of considerable intensity^ 
and Imice th^r rate of development must be greater than . 
*’fE^ of diminutian; and, consequently, they may 
, rf^ita^ted by a curve of the forqi exhibited in fig. b, in 
whi^4i|jire>bno couatanfpart, and iu which thesteepne# 

_ , ' ^ of B b greater than 

; T Fig. 0. that of B C. There 

; S are, however, other con* 

siderations, which will be , 
noticed hejjeafter (8§*)* 
which may effect 
from of the 
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descent, cfr,* ill tend 't6 dimitiMi tl^ 

|iten&y en(Hng indtieti^ tlie secondary "currmt 

, 7 ^* It" ^ be seen at odce, by an in^jection of the 
etiiv^ Ait Ae effect poduced, in a third i^ondtictor, and 
eridoh we have called tertiary current 5s nit of Ae 
same nature as that of a secondary current* Instead of 
b^ng a single development in die direction, it consistsmf 
twe mstmitaneous euiTents, one produced by Ae induction 
of A Bi and Ae other, by that of B C, in opposite Atec- 
iSons, of equal quantiti^, but of dmerent intensities, 
llie whole quantity, of induction in the two directi<vis 
^11 each be represented by tbe ordAiftc B b, ^and henoe 
Asy will nearly neutralize each other, in reference to Aoir 
action on Ae galvanometer, in thoi circuit of A#^l^ 
conductor. I say they will nearhj i\eutraHze eaA oAer^ 
because, alAough Aey are equal in quantity, they do not 
both act in absolutely the same moment of time. The 
needle will, therefore, #be slightly affectedt it will be im- 
pelled in one direction, say to the right, by the induction 
of A B, but before it can get fmrly under way, it will be 
arrested, and turned in Ae other direction, by the Siction. 
of B C. This inference is‘ in stnet accordance with 
observatioa: Ae needle, as we have seen (24.), starts 
from a state of rest, wiA a velocity Which, apparentiy, 
would send it through a large arc; but before it has 
leached, nerhaps, more Aan half a degree,' il suddenly 
sAps, and turns in the oAer direction. As Ae needle is 
"first affected by the action of A B, it indicates a current 
in the adverse direction to the secondary current. 

SO. AlAough the two inductions in Ae tertiary con- 
ductor nearly neutralize each other, in refe|euw in the in- 
Acations o the galvanometer, yet this is far from bmng Ae 
ease with regard to Ae shocks, and Ae magnetizaticiU' bf 
itoel nedles. These effects may be considered as the 
resobs alone of Ae.action of A B ; the inductll^ of B IT* 
Wng too feeble in inteqsity to poduc© a 
m 4imcient pwer to penetrate Aebody, W ovpoonffi^^ 
isoerciire power of Ag hardened steel. , 

lo A© Aock and magnetization olf Ae st^ noedlei^% 
^jr entirely neglect Ae action of ,B C, and consaiarl i^e 
as a tingle current, nroAiced btifid 
and, because Aisis Ae 
(56.), Aetertiary current must be hu M 
to As secondaiy. For a sinnlar reason,' ^ 
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‘ fottriih ;6rdery in ^ direction oppoe^ to current 

whfch produced it, and so on ; we ham here, thetefpre, n 
eimple« e 3 cpIanation of the esetraordinaiy phaenomehoii of 
, the^altehiadon of the directkma of the currents,' of the <li% 
ferent orders, as« given In this and the preceding paper* 
See.paragraph 26* 

f i8I.,,i,iPhe operation of the interposed plate ^32, 47, 48, 
&C*), In neutralizing the aliock, and not adectiug the 
vanometer, can also be readily referred to the sanse prS*« 
oplea* It is certain that an induced current is produced 
ii^the plate (IXL 65.), and that this must react on the 
secondary in the b^t. it should not alter the tot4 

amount of this culrent, since, for exatOple, at the ending 
induction, the same^quantity of current is added to the 
ho^ while the current in the plate is decreasing, aa is 
suibtracted while th^same current is increasing* To make 
this more clear, let the inductive actions of the interposed 
current be repr&ented by the p^ts of the curve, fig. 5* 
The induction represented by A B will re-act on the cur- 
rent in the helix, and diminish its quantity, by an amount 
represented by the ordinate 6 B ; but the induction repre- 
*8etited by B C will act, in die next moment, on the same 
Cttfrent, and increase its quantiay by an equal aipount, as 
represented by the same ordinate B b ; and since both ao- 
4ions take place within a small part of the time of a single 
swing of #the needle, the whole deflection will not be 
altered, and consequently, as far as the galvanometer is 
concerned, the interposition of the plate will have no per- 
ceptible effect. 

82* But the action of the plate on the shock, and on the 
magnetization of tempered steel, should be very different ; 
for although tBe^quanliity of induction in the helix may not 
be .^h^ng^ ynt its intensity may be so reduced, by the 
of the interposed current, as to fall belp^ 
idiat degree which enables it to penetrate the body, or 
overcome the coercive force of the steel* To understand 
bow»diiB i^ay be, le| us again ref Sr, for example, to the mr 
duction which takes place at the ending of a ba4;tery ciur- 
rent : dSs will produce, in both the helix and the plate, a 
inointmtaiy current, in ihe direction of the primary current, 
we , have called the current in the plate w^l 
and tend to produce it in two inductions, 

, mav he represented by A B and B p of 

.the . fig. 5 ; tSe first cf these, A B, will be ,ap 
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fore tend tp neutindize the intense aetien of the plimary 
curroiat on the helix; tlie i^cond (BC) will add to file 
hflif m equal quantity of induced current, but of a xnuch 
:^OTe feeble inten^ty, and hence the resullhig current in 
the helix will not be able to penetrate the* body ; no shock 
will be perceived, or at least ^ very slight one, and the 
phaBBoniena of screening wall exhibited; 

*83. When the plate of metal is placed betw^een the con- 
ductors' of the second and third orders, or between those of 
Ijie third and fourth, the action is somewhat different, 
although the general principle is the . same. Let us sup- 
pose the plate interposed between the#second#tand third 
<JOnductors ;< then .the Jielix, or’ third conductor, 
acted on by four inductions, two froiL the secondar^ofc 
rent and two from the current in the r^ate. ^ The diree^fe 
and character of these wall be as follows^ on the sup'pSi-^' 
tion that the direction qf the secondary q^jirrent is itself 
plus: " " 

The ending interposed . * . feeble and . • • mmuif* 

The beginning secondary . , intense and . . 

The ending secondary . . " . feeble and . . * plus^ 

The beginning interposed . . intense and . . plus* , 

Now if the action, on the third conductor, of the firsts 
and third of the above inductions be equal in in^nsity and 
quantity, they wall neutralize each other ; ana the same 
will also take place wdth the action of the second and^ fourth 
jf they be equal, and hence, in this case, neither shopk nor 
motion of tne needle of the galvanometer would bo pro- 
duced* Jf these inductions are not precisely equal, theu 
ipiily a partial ueiitralizatioii will take places and tho shopk 
will only be diminished in power ; aud, also, perl^pps, 
needle will be very slightly effected. 

8^* If, in the foregoing exposition, we throw out of cbW 
sideration the action’s of the feeble currents which 
the body, and, coifeequontlj , are not cop<ierii^ 
producing tlie shoc^, then 4:he same explanal^qOi wP stiil 
which was givdn in the last paper (III. 9^.) f iMhnely, 
p the above example, the helix is a^ted on by the tmUUs 
luflliepse of the sOjCondary, and the plus luAueuce the., 

We ate now prejwed to consider ijie qn jfbe 
Ibeiht (%. 1.) of the ii^uced currents prp4ubed in the 

itself, Those af© frge 

secondary currents, and ere almost preewely ffa€j "ate 
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* iheit a» t^iose in the interposed pjUtte* *Let us first 
exatiiine the iudueed current at the beginning of the pri- 
mary, in the case of a long ^oij and battery of a single 

* element ; its action on the helix may be represented by the 
parts of the curve, fig. 5. The first part, A B, wifiL 
produce an intense induction opposite to that of the pri- 
mary current ; and bence^ the action of the two will tend 
to neutr^ize each other,’* and no shock, or a very feebls^ 
onej will be produced. The ending action of thp saifie 
induced current, which is represented by B D, restores to 

helix the same quantity of current electricity (but in a 
feeble sta^e) whi(^|fal neniralized by A B, and hence the 
needle of the gs^ranometer will be as much affected as if 
il4? ^rrent did n<^ exist. Those inferentfes perfectly 
agree with the* experiment given in paragraph 19. In this, 
when the end# of cite interposed coil were joined so as to 
imutralizc the irftluced current in the long conductor, tho 
shock at the lJ8gmning of the prim^iry current was nearly 
as powerful as with a short conductor, while the amount 
of defieotion of the galvanometer was unafiected by joining 
, the ends of the same coil. 

*86. At first sight it miglft appear that any change in the 
apparatus which might tend to increase the .induction of 
the primary current (l6) would also tend to increase, in 
•the same degree, the adverse secondary in the same con- 
ductor ; ifnd that hence the neutralization mentioned in the 
last paragraph would take place in all cases ; but we must 
recouect, that if a more full currrent be suddenly formed ivL 
a Conductor of a given thickness, the adverse current will not 
have, as it were, as much space for its development, and, 
therefore, will have less power in neutralizing the indue- 
iioh bf the primary than before. But there is another, 
hbd, perhaps a better reason, in the consideratiou, that in 
the ease of* the increase of the number of elements of the 
Tiattefyi although the rapidity of the development of the 
brima^ current is greater, yet the ’increased resistance 
whifih ihe secondary me3ts with. In its motion agmnst 
action of the several elements, will tend to diminkh its 
^ diminishing the length of the primary 
wa must diminish (*75.) the intensity of the 
that it will meet with iuore resbtance in 
^td the single battery, and thus itaefieets 

87^ The sbtion of the secondary emrent, in the long 

ptfmw'y eurr^t, should alsOf 
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» ^ ^ 
first sight, ^oduca the &Bmp ncieex&^g ihfiueh4e'jui ^e 
current ip Jlhe intexposed plate ; but, on r^ection, it 
be perceived that its acUon & this respect xntuBt be much 
nliere feeble than that of the similar current at the begins 
xiil)g ; the latter is produced at the moment of m^iii|; 
eontapt, and hence it is propagated in a continuous circuit 
of conducting matter, whUe thd other^ takes place at the 
rapture of the circuit, and rouft therefote be rendered 
cotnn4»atively feeble by being obliged to pass through a 
smaU j^rtion of heated air ; very little effect is tbermore 
produced on the helix by this induction (19)^ - The fa^t 
that this current is capable of giving" lii||||to^8bo^3, when 
the ends of a long wire, which is traixHlLtiiDg a 
current, are gasped at the time of breaking ^the 
readily explained, since, in this case, t|ie body wim 

the conductor, a closed circuit, which perAiits^^e com« 
paratively free circulation of the induced 

88. It will be seen that I have given a peculiar form 
to the beginning and ending of the curves, ngs. 2, 3, 8tc* 
These are intended to represent t,ne variations which may 
be supposed to take place in the rate of increase^iand 
decrease of the qumitity of the cufrent, even in the cash 
where the contact is made and broken with* mercury. We. 
may suppose, from the existence of analogous phsenoxnena 
in magnetism, heat, 8cc., that the development of the 
current woidd be more rapid at first than when h approx- 
imates what may be called the state of current saturation, 
or when the current has reached more nearly the limit of 
capacity of conduction of the metal. • Also, the decline iff 
the current may be supposed to be more rapid at the first 
moment than after it has lost somewhat of its in^sity, dr 
sunk more nearly to its normal* stifte. lliese variations 
are indicated by the rapid rise of the curve, fig. 2, frqUi 
A to and the more gradual increase of the ord&ktes 
from /i to B ; mid by, the rapid diminution of the drdmates* 
between C and 7, and the gradual decrease of those tb^^ds 
tbi end bf the curve. ^ 

89* These more • njinute considerations, revive jfcp ,tbe 
he curve, will enable us to conceive how 
40f >the ending of the secondary current, as we 

(78*) may , bo prolonged beyond that of tbe natural 
the disiurbance of the electricity of the 
ccmdueler on which this current depends, jf tno deydOp- 
ment of the primary current is produced by bqtial fecre- 
laenls in equal as would be tbe case in .plittig^g 
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battery 0;^-) into the acid with a uniform velocity, 
t^n de part of^ the curve fig. 2 wduld oe a straight 
Kne, aijd the ^ secondary cur^iit, stftet the first 
instant, P® on® of constant quantity during, nearly 

the whole titne represented by A c ; but if the rate of the 
develbpptent of the primary current be supposed to vaiy 
iu accordahoe with tne %iews we have given in the la^ 
par^raph, then the quantity of the secondary current 
will bogiu to decline before the termination of the ihdac^ 
Hob, or as sopn as the increments of the primary begin to 
diminish ; and hence the whole time of the subsidence of 
fhe secondary wM be» prolonged, or the length of d C. fig. 
5 wdl b^increailPIt the <Cfcent of B C be more gradual, 
^d |he intensity of the ending induction of the secondaiy 
Arrent be diminislibd (see last part of paragraph 78.) 

90* Beside^ the eonsiderations we have mentioned (88.)^ 
there are other$^ofa more obvious character, which would 
also appear affect the form of particular parts of tlie 
curve. And .first we might perha'^s make a slight correc- 
tipn in the drawing of fig. 2, 3, &c., at the point A, in 
Conf|ideration of the fact that the very first contact of the 
and of the conductor wiiai the surface of the mercury is 
formed by a* point of the metal, and hence the increment 
of developm^t should be a little less rapid at the first 
moment than after the contact has become larger ; or in 
other wqrds, the curve should perhaps start a little less 
abruptly from the axis at the point A. Also Dr. Page 
has stated* that he finds the shock increased by spreading 
a stratum of oil over the surface of the mercury ; in this 
case it is probable that the termination of the current Is 
more, sudden, on account of the prevention of the combus- 
tion of the metal by pseans of the oil, and the fact that the 
eUd of the conductor is drawn up into a non-conducting 
medium. ^ 

► 91. The time of the subsidence of the current, when the 

cucuit is broken by means of a surface of mercury, is very 
s&dl, and probably does not exceed the ten thouiymth part 
of ^ secofid ; but ^en this is an appreciable duration, since 
T^nd ibat the spark at the ending presents the appearance 
of a l^and of light of considerable length, when viewed in a 
imtroi Revolving at the rate of six hundred times in a 
i^condi'and 1 think the valuations in the time of ending Of 
the ijjajrrent under different Conditions may iie detected by 
..^aua^0fthi8,juaBtrume^^^ ■, 



^ 92, Refp© concludbag thi» . 

.state that 1 have made a Butuha^ «>l atteiapts to >^Jfj fca 
the sttg^stidn given in my last paper (III I27«)i that an 
induction is prodnoed by a galvanic eiirrent by a 
in the distance of the conductors^ hut without 
aucee^^ These attempts were made before I had adopted 
.the views given in this secdon^ and since tbm t have 
Jound (80.) a more simple* explanadan of the alternation of 
tS&cuqients. 

98* In dus Number of my ContiibudoHai die pbrncno- 
>xnena. exhibited by the galvanic apparatus have alone bef^ 
.dt^usse^ I ^vo, however^ mgae a Se|ij|a of ex^rimenis 
on die induction from ordinary electnRty, ana the re- 
daction of soft iron on eurrents» and 1 Jhink that the 
of these can also be referred to the simple principIcB 
^iopted in this paper ; but the require fvndier atabmia- 
. dtm before submitting to the public. * 



ji Cmnpar(tUm Examination of the Sugtxr Cam , 

at ike Antilles and in France^ followed hy ComtdetOr 
Horn on the Manufacture of Sugar — S^ond Memohr. 

: By M. Osmin Hervy, Professor of Chemistry in the 
School of Pharmacy, Paris. ^ ‘ 

This work, had been remitted to us by M. Horvy some 
days previous to the frightful event which removed him 
from the ranks of science. We hasten to publish it, %p ry 
iti having it still in our power to render this late hoih^e 
to the memory of tliis excellent and unfortunate 
inah. - ‘ 


, 'The richness of die sugar cane (arando 
b^ibgat the pre^t day well known, > a coloh^d n^nuT 
^faetujre better uqderstoo4 ought to caueeby an au^eHta- 
iii^pf its i^oducts in Bug^r^ a great eommc^lid move* 

^ " It ^ that we^ may hasten as nutcb ^ Iuia isii; 

^ppwr re^ mis laudable. bb 

that we now add a few wotu. ^ 

cane published by us in the inotdh 

which we have 'madb 

hew experiments are no longer those griswp dll the 





% Mi Osmin 

iiiret and btirifting soil of the Antilles^but tbd^d of France, 
the one under tfie prcitection of the gri^nhouse, the other 
in €hd ojpen land. • * 

Salts; and other organic matters foreij^ to sugar, eidst 
in the B^rehch canes, m far more considerable proportions 
thah ih the cahe^ of the colonies ; but it* is then a feet of 
little httpdrtance, and obly worthy of being dis|>osed Of in 
the same manner as tHhir richness in sugar; it matters 
little in effect, to the creole planter, whether cane grown 
in a greenhouse be more or less rich in sugar than his own. 
^that which to him is of the greatest importance is to know 
firs^ — IChat ther mofass€flS does not pre-exist in the cane 
during its vegetation ; that what we nave found as a con- 
atitdant part of the canes which we had* received from 
the colonies, Tirov^ that they had undergone some altera- 
tidn which rmiBt be due either to dessication, or to some 
effect prodijge^ by the voyage. *Secondly, that molasses 
may be formed by the reaction of certain bodies on the 
crystallizabld sugar. 

The sugar canes whicb have been the objects of our 
jei^arches had been cultivated either in the greenhouses 
of the royal domain of Jsieuilly,* or in the open air in the 
botanic garden of Bordeaux. M. Gachetj professor of 
bo^ny, cheerfully offered to send them to us on our last 
visit to that place. 

The l^ugar canes grown in open land were of small 
diameter, but of a yellow gold colour, stripped of their 
leaves to die summit, an evident proof of a perfect ma- 
turity : their savour was sweet, aromatic, and very, agree- 
able. 

‘ The canes grown in the greenhouse, have a much, 
greater diameter. Their knots were at very diversified 
distances, their colour green or opal yellow, some were 
stripped df their leaves, others still reserved them, and let 
us here remark that the age of these canes varied from a 
manths to three ^ears. AEach year vegetation 
was marked by a,*protuberaiice, marking the point where 
bad been renewed theftyear following. Their 
aklmur which Is sweet, aromatic, and very agreeable^ has 
been iwogiiis^ by the creoles, altogether sugary and 
little dififerent in flavour from canes grown in the Artilles. 
Tbh jtdba of one cafles remarkable fiaV its diilbr^t 

* «Ws are under ceneideruble oblinutione to M. Jaaitefii, surdetSKT in 
to Ills itornl Society of AsHeultore on W Seine* 
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degrees ef depeit j, from IDS to IW (5 to 12 Baumu)i ai^ ^ 
conimgi^ It ww obtSuned from the foot of lhe'CMie ori the 

.bugar exists la Its (^stitlfoahle state hi ilie higher 
knots of the cane, that iato aajr, at the earliest peritm of 
tegetatioii, predady as it does in the lower knots wMch 
aio of^ several years growth. Jt 'aj^^rs vd’y evident, im 
oOr opioioti, that the cprstallbable^ugar is not a secondary 
productiobut, in reality, a primitive product, from the 
secret daboration, to the state of crystalHzable sugar, to 
the. moment of the formation of the vessels in which it 
enclosed. . It appears even certain — we shail attempt like- 
wise to prove it — that it exists in the state of crystallisaUe 
si^gfr from the moment of the blossoming and fruclidca- 
rion of the cane.* 

The ideas which we have now detailed, the ahsenoe 
of liquid sugar in the sugar cane, have foi their basfe 
fbSowing experiments : , ! « . ’ 

'■‘ Pieces of ^ sugar cane, cut into very thin slices, were 
dried, some in vacuo, and other., in a dryaff, at a tem- 
perature of 61^ centigrades — in fifteen minutes a co^kld 
dessication took place without Sitering the sugar. T«eie 
dried dices wgre then pulverized ; the cane now remains, 
vepr little hygrometric. From the powder of cane, d^ 

* rbeM to us to estoblisb • rery deddtfd limft bHsreoo 6i« fbnoBfOon in svffi* 

tobies of the sug«r ofoKRftr(R7stalHKebI«)and tlie fonnatiun of tb*' ku|^ ; Is 

du!t, mt netor Sod sugar in fitths ft their birth, end sre see U filedueed durjais the eet of 
HMttttratioii ; thf re te then s ytry decided difi’erence between the luUnnl fbnuatioii of the 
tafsr of «u»rs,tuid that of ntgar of raisins ; those |>arts of pltnte which eonti^tt the ftrat 
hhiniyS’oak their ififaticy. as the caoeaud the be«t>a sweet Savour eTidently eachiu^ 
rhe plants which contain the siicoxid have in their l^rth or 

* hitter Savtmr, with no traces of sugar. / 

jhto mieroseopie axaipin&tiojj of the sapar eane. has shewn oe that thia htotttifhled^ 
]nW AmuttSesnont. undergoes no ohaogp' in its organiaation during any pt^idd of ka vi|^* 
tistitot j Uia naseent eaoe like that xtmre advanced in age. preisanta tha wm lhe*» 

jHOue4pro«tf»of ligneus Sbre ; and wa naj truly aaf, that the anatoihiedl'i^^ of 
thwsiUit is M heautifhl «td as sUttiOe 1I4 it is pOHiblf to obneidve of, Sf. Vreitqr ph* 
tooNtldoA .U^eontraiy, thatthe dispoaiti'on of the wUnles el;jtitgefti|ra| di^' toftay fn the 
lald^ili^ Smite, In iwoiKirtion aaOxey approach Cie pis^ of tnaluriSoii, ^^. 1 % 
OtiniM# toSriitthiekand opaque, tenaisafe by becoming mutdt swtfkditrai^aiw^ a^ 
at laat hunt, to satat liberty tha adid Uguid which they eoittainl 

ilMlSatothetti^ we .may aaOiy Miy« ihat tht Ike nm»e 0 * 

jwto^ecrjiM ( whUst sugar of raidine h slways a seeoadaij.WDAaeli. 'Timif Aieti am 

ah^y WlA^C to explain how ttie that the sugar of raisiDa Js gftifiokuy fbiined wiCS* 
Msrb ftmlhn 3 iw,whtM tofbe pHHnidaytoiMkf^ a^ 
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rked.fr6m ili^ lower eitremitv of the plant,*after having 
h^n treated with cold alcbo!^ at 95^^ which dissolved it, 
was produced of a deliquescent matter, either isolated 
from the lUatt^ tha residue was a d^quiescent suV 
stance, Boluble^iu water, neither sucreous por salihe, and 
qrhich left no ashes after^ incineratiom 70 tlds tr^tm^t 
by cold alcohol, repeated three times, succeeded several 
experiipents with hoiling alcohol- After its reaction^cip 
the powder of the cane, the alcohol, by a slow cooling^ 
left deposited some crystals of sugar, perfectly white and 
^ansparent ; the liquid qp its evaporation afterwards gave 
no trace^of crystalhzable ’sugar, 

; Tjiie same experiments were ^repeated with powdered 
t%ne taken from thd euraraft of the cane ; treated with cold 
alcohol, it gajrc ou4r no liquid sugar, but a dissoluUon of a 
quantity of deliquescent mutter sensibly the same as that 
obtained bys^tlis treatment of Tower part j with boiling 
This expe]i;iment which we regard as decisive, because 
it enabled us to exhaust the cane of its sugar, and to 
obtain i| afterwards in small white crystals, has been ap« 
plied to more than ten different specimens, taken from w 
parts of the sugar cane. If these experiments which we 
nave just described, on the dried sugar ca*iie, have not 

? fiven us in any instance the least trace of liquid sugar 
molassq^) it has not been tlie same when we have treated 
the fresh sugar cane or its juice with alcohol, 

in 100 grammes of the juice of the cane of a denrity of 
108 (12® j^umi) produced by expression, we have poured 
50 grammes of alcohol at 95®, which gave out a floculent 
precipitate, which was separated by the aid of a very finp 
filter. T^e vilcohoiip sucreus liquid was placed under a 
large pan containing quick lime, at the end of 15 days all 
the water and a great part of. the alcohol had disappeared, 
sugar* had disposed itself on the si^es of the capsule, 
ir^whitlsh nipple like fofms hard emd briitle, it weiglieid 
1 ^r. 8; The remaining alcohol^ decanted and evaporated, 
ielt2gr;‘^, of a suefeous, saline, deliquiescent matter; ether 
iso^t^ from, it a very* small quatftity of wax ; the rest, 
vet^y sdlnbla in water, obstinately refused to crystallize, 
or to give Out to any menstrum, the sugar which it retained, 
aldididl otheVImktt^r^asdl)^^ bUt ciystsHizabl^ 

^ canes wi^ alepbbl, 

eva^iiiMoh in vacuo, of t^ie burnt jviice of the 
given m the samd res^t ; crystallization has 
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ecNE£ip]etQ» ih€m always remained a i^sidual sugairy salina^ 
ifiatter, Weight of whioh corresponded with the quantiiV 
Of solnble salts contained in, the canes which we analjaea* 

* We heiio^e then that we may safely asee^ first — ^Hiai 
theie is no uncrystaliSable sugar pre-existing in the suj^r 
eanO. . Secondly — That the smts react on the crys^isable 
sii^r» In stich a manner as produce molasses, that their 
action does Uot take place dunng l^egetadop ; but depends 
inuek upon the manipulations; it cannot be otherwise, 
mteo in the vital act of vegetation, the difi^ent materiais 
ire elaborated in a complete independence of each other*^ 
But what are 'we to think of .the nOh-sacreous^deliquie- 
scent matter which was obtained from the dried cane by 
idehohol at 9$^ ? r 

We are induced to believe that in the great work of 
vegetation, it has power to perform an imp3i*tant part in 
the production of the moloss, that is td say, that if it 
dees not combine with ♦the sugar, it naturffay tends to 
augment the viscosity of the syrups, and to aglutinise the 
crystals in the latter crystallizations in the parent stem. 

This matter is colourless when it has been obtalned'^by 
evaporation in vacuo, or at a low temperature ; it 
Coloured by heat ; its aqueous solution presents these two 
distinct characters, of being precipitated by tannCr^s bark, 
and of being absorbed by pure animal carbon in such a 
inanner that it cannot be lifted up again by coW Water. 
We have seen farther, that the burnt juice of the sugar 
c^e certainly proves the alcoholic fermentation J that it 
passes, with much greater facility, the viscuous ferinenta- 
lion, whilst that the alcoholic fermentation is always deve- 

S Ked in the juice of the cane passed throii^h^animsd bhu;tki 
^ never follows the viscous feraleutaUon. We have 
lorUnd this matter small in quantity in canes in our 
session, but it cannot exist in a greater proportion. ^4 
called are improper to furnish Crjrstidlhijible'^ 

cane% grown bn new land, whioi take 
gteiMK^i^^olopment. ' JE^or ‘^the remainder' hkve 
no need to recourse to hypothesis, in otdor ip bO^ 
ifehend* wli^ it is that the jubes of tbd c;aii#, hrO 
iMryilidlh&able. ' 

' "vTnOse canes have grown up pn virgin « 

lands d which the trees which Covered ihM hai^been 

1 * ’ If V 

iadicatea t1»t thbjii ^ wlSdlL #• dhr eSpeii- 

a sodSe jg'^vaiaix pf (rolin thm JbS 

canes of which we hsro xoiiae the an&Sysis. - . . 

* ■ « . 
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di^stroved by action of fire; a pwt of the soluble 
salts, in such ^eat abundance^ in their fertile soils, have 
been carried along into the cane, exert in a more matured 
state of the cane, with a fatal infiuence, their chemiool 
action on the cfystallizable sugar.^ 

The sugar juices alwajrs contain quantities more or less 
great of salts, and we know that sea salt combined ^fJb 
the sugar of the cane, gives birth to a delequiescent ccm^ 
position, which contains six parts of sugar for oiJh part pi 
eeasalt, and which remains in the parent juice m the 
state of uncrystallizable sugar. cut the chloride of 
sodium is not the only saftt which can combine with sugar, 
and ^xercise a deleterious influence on the pjocess of erys- 
Inllization ; we have observed thht a great number of salts 
are often opposed the crytaliization of a baking syrup. 
The haloid salts may be placed in the first rank, the car- 
bonates of |jpt%sh and of soda react even on sugar at the 
baking temperature, and render the syrups high-coloured 
and almost uficrystallizable. 

The parent juices of the sugar cane, and the sugar 
cau yield molasses Jhen, without these plants neces* 
as^ly containing them during vegetation. 

Let us remark, however, that a liquid never crystallizes 
without leaving a residue repr^entiiig a solution at its 
point of saturation, and we will explain how M. Avequiit 
obtainea so much molasses, that is to say a crystallizable 
sugary juice, whilst M, Plagne, by crystallizing the juice 
four and five times, obtained an almost complete crystals 
lization, a circumstance which is equally inherent to 
mode of manipulation In the coloaies. 

* 4 . practicadi fact now comes to the support of what wp 
have advanced : they then employ in the preparatioti of 
doubleHTpfined sugar the very .finest sugar land; tlie syrup 
» which is taken to be baked in vacuo is perfectly colourless 
and may be cox^idered as a solution of sugar almost 
the fir^t crystailization is not more 

ppr cent.^of cryst$Uizable sugar, and it cannot be widiiR 
l^aw^arthor without ^mndying C a portion 
^ sugar; ^i$ depends, according to the observation 
jpubrunfaut, on the fact that a part of the watm* oh 
earn idlsBolyo more than five parts of sugai> that 

. . ^ la tih «WW DMiimwraf Um mn: .ewsift— The heet «roiTO ^ 

Ifjiiph to AolkeaiMcient wUte, ftkmish syropa whiOB. 
tolgxe wiUi tottoli gt^ter «iia funilBh ttoro9Wl«iMi« 
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U Ikbftiidoiis time only by cooling*, whilst; one of . ooldl 

wafer disso^^ns two of soger, it is this disiiol<^<Hi whicb 
c^mstkutes the parent syrup. 

.The of a saitiiram solii^ion Of sugar from heat 

leaTes then a parent syrup { can^m^ ) whieti Is sometimes 
dbsigiiated the nam of xnohmes, and whiiih is found 
to he hwmed in rosiity of two pefts of sugar and one of 
wo{er, but still w 0 am not ignorant that these molasses 
are lar fjtom being liquid or uncrystallisahle sugar we 
ham mm signalised this fact in order to eaplmn why Ibu 
Cneoks who do not repeat the boiling, at least very rarely^ 
^ their running syru|^ carry sp> high* the Ogure of their 
hiolasses. It is true that those amongst them ^ who do 
rehoil thmn, remove from them in gene^ad the bad modueli 
bn]y« The inferiority of these sugars of syrups noldsw 
unirersahy to this that in place of rdhoiling them^4^|h 
day^ as in the sugar bakehouses, or reining - 
sitgar in. France, the planters wait so long be£3r6 
them, that by this means the crystallizahle^ mf^t^ 
these syrups contain in such great abundance, are &und 
parhsUy mtered by a slow fermentation, and by ‘/the 
leaedon of saline matters. A* better understood treati* 
ment of this product, so rich in crystallizabie sugar, would 
give, without contradiction, great benefits to the C^eolee. 
fhi iact, on the place ol^anufacture, the rough sugar is 
worth from 50 to 60 centimes the kilogramme,' whQst the 
molasses, whatever be their nchnesa in crystidlizahle 
eugsr, are never sold for more dian 10 centimes the litre 
(7 or ^ cmitimeB the kilogramine). On agr^ number of 
idaatatioas^ the molars are almost entirely for the 
nouiishment of tlie fiocks ; on others they are em^yedi 
iiiiahe yml dwerie$ in the t^traction of ruih ; in Frmice 
likewise the molasses are utilized for the nonrlihiiient of 
imiinaH aiid lor the ext^acdonof alcohol, but these aiw 
molasses marked from 44 to 50"=^ of the aremneter of^ 
Ipsamky whilst the mblames of the colonies are ordmarify 
Ibl^ked from 37 to 38*^." ‘This difft^ren^e in the density of 
ji^ups may vary from 6 to 50 per cent, the of 

merystallizeble matter in a running ^up» Tne |4aiilmB 
flm are' able to obtain horn their molamm 35 40 per 

■Oipfiitrf^f. sugar. -■ ' -5?, . 

^ peifimted eq^pag^^^^^i^ 
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first .casting ; let us also repeat, that it will always be 
i)pcesflary to have recourse agaiu to the rebdking of iJus 
syrups j m order to obtain* from them the maximum pro- 
portion of ^^yat^izable sugar, as the practice o£ ikxe 
manufaetorer iym teach* 

These refieetions, on the richness in crvstaliizable sugar, 
of a produce so preck>us and so badly utilised, have 
appeared to us to be worthy of being di^ended uj^n^ at 
ibis time, when the planters are making all their^enorts to 
progress m the art — whilst they avail theinselves daily of 
jthe great improvements in their processes of manufae^ure — 
and whilst they ocknovdedge that they have too long 
been ig&orant, or misunderstood the fertility of thdbr soii, 
and^the value of its products. *»New ideas ’are spreading 
%ach day in our islands ; the Creole no longer has faith in 
the old modes Of proceeding ; the planters, with hew 
kindled zeal, and animated with the love of * good, like 
Messieurs de^abrund and de X«ongchamps, adopt and 
encourage the most rational systems of manufacture; it is 
within me course of a few ^ys that Havre saw depart 
frum its shores, for Gondaloupe, a considerable number 
baking dquipages of the newest construction, amot^^ 
others, some constructed for M. de Jabriui, wbo is now 
returning to his plantations, a deligation of six 

years ; me same vessel likewlUpbok out M. Hotessier, 
the author of an excellent pamphlet on improvements 
adapted to the manufacture of sugar from the cane. 
Hotessier has added to his pamphlet the description of 
some new baking apparatus, almost similar to those of M# 
de Jabrun, whimi apparatus present the most favourable 
condittons to a good mbrication. * vi 

* Boring a |fen,odof«someyeps numerous plantations have 
^aIso availed themselves of improved apparatus; the ia^ 
pulse haabeen given, the Ciieoles will not leave, for a 
time ugWy thirty per cent, of sugar in their dry cams^ 
assuveoly they will* sot, very 8^11,‘atty more make forty 
per centi of mola$s@ 9 ,*or even sixty, as is done In the^idb 
of Bourbon. Tbs metropolis, as well as the coionms, 
sdbn feel the ben^t of it, in the means of reeonciiis^ 
rff i^oth folty to fifty per cent, of crystal sugars ■ - 

^ TbO process of desslcation of the cane, as at prei^t 
oh: e iprand on the island Gondaloupe, 

m br^htest anticipations. w«»ka<^ 

jS»e tbiU^ oeesieatiem of tbma deli 

.mt d«p«e, the 
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fliat Ihe exhaflsiing of the eiitte» the extraction of sugar 
only becomes more easy and mor^ simple. That da)^ 
therein the sjrstem of dessicattbn shall present itself in its 
great euperioiity for the perfect eahausUon of the cane— 
that day, the planter, in place pf renouncing the fabri** ‘ 
cation of sugar — Ip ^ace of conceding .this advantage to 
^le metropolis, , will work on h& pmntations his dried 
canes, and will employ his improl^ea baking equipage for 
the evapdration of the syrups enclosed in the dried canes; 
and Ibis would not hinder our great manufacturers and 
merchants from importing dried canes, in otder to extract^ 
from them, in the refineries of Ftancfe,* immense products 
of sugar. 

The getter^ good — the interests of rour colonies, ’Hiave 
equally a claim to an augmentation in the production qi 
sugar. That product — ^primary necessity — ^ich its pre- 
sent dearness puts out of the power of th^ working class 
to procure. Its consumption, which seems to^diminish, in 
lieu of relatively augmenting by ready money, binders its 
use, and always places this salutary nourishment at a 
inaccessible to twelve millions of the F rench nation. Tliat, 
then, will be a bright day for our colonies, wherein th# 
planter, doubKng his produce by his industry, shall aug- 
ment the cargoes of his sailing for the metropolis 

—and would thus also gMrlife and vigour to our merchant 
deets. * 

We cannot perhaps give a better idea of this question, 
mod die important part it will perform in our industry, than 
in citing some words of a memoir by M. Millott bn the 
question of sugars. 

** Nature has even ordained that sugar occupies the fimt 
tank in the vegetable order of whicn it is one of diose 
products the most precious for aliment, as well as m a 
commercial point of view.*' ‘ * 

Sugar is so much an article of ^ijrchandife par 
that if the consumption of j|qgar ^ increased 
reduedon of the price of this object of«predele<^qn, me . 
caigoes of our merchantmen arelqcreaeed by 
Ot m» jskxmlm of tons of sugar consume^.** ^ ' 

U m mt mn . 
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Ajrt. \, .- bn means of deietiing Ar^Mc in t^e^Animkl 

and of eoupiermHn^ its J^eels ; by J^AWRENCR SsliTH/ 
M,».^ ' ' ' ' ' ' ■’•' ' 

'‘Il^se'fr. ^4ii0¥s^*This, I k^e wiU i'aceSt^l a k|kii] tke 
of J^QttT Jokmal, If if ke oa^ for ibo lifii|»orfrik 3 ito of tkk Itilijoet o# 
wkloli It frents, allltough U h not ii»pmliakle» In sta^ng witot I «itif^' 
abntit tk ilo nohcemiag tii« more redent experiments ttlt^on^reea^k ' 
aciA, tkat yonr reftAerv wUl be aWe to find sometking wbieh wtnjr be 
of^oiportiitiee to tkem in future mTestigations upon tkis snbstatii^. 
But turo mo||tlts have elapeed sbcme the whole of France was agitated.: 
by one of the most interesting criminal processes upon record-^it,, 
vva| a #iise of- poisonii^ by arsenic ; -*uid the eontradiction of ^ 
results of the medico-legal examinations, created »n excitem^t ^ 
which the decisioti of life juiy augmented. T^hree chemical exami- , 
nations were ^tnade» upon different poj^ions of the body, and , 
different times, Ascertain whether art^nic had been aidininlstereA „ 
to t]^e indiridufd storing life. The mateiials for the first were fur- ,, 
niskedimtuodiately after death, and consisted of the fluid found in the 
stomaej), the stomach itself, and a portion of the intestines \ but the ' 
4Slr§^ wSs lost by»an accident which happened to it while being expe-^ 
rimOn ted* upon, so that* the stomach and intestines atone I’cthained,* 
The second and third were made ui>on portions of the body exhumed 
after eight months' burial ; they wer||^ie liver, heart, brain, and 
Ihner muscles of the thigh. The firsWand second exntninatlofis 
were made ®y several expert chemists of Tulle, without detecti^^''' 
the poison. The third M. Orfila xvas called upon to make^ and he 
succeeded in exhibiting the. metal, reduced by means of Marsh’s 
apptnwfiitus ; his suceeas was no doubt owing to the manner in 
which he carlKmized the animal matter, which was by the aid of 
uitri<^^ld« ^ 

One eanmot be surprised at the excitement that a thing of this 
character must have produced, and it is with much interest and.... 
bent^t that I. haye Mlowed^ up the chemical I'eseai^hes eonse-. 

• qrAinlly arisiagi as well as the many interesting questions proposed 
fur sq)ntlun; and x»y object now is to mention the most important 

• of them. . $ome,,of the ^uesltons are follows : • 

Idt, Ones ?be hydufted peroxide of Iron contain krsenic i 
• Sdi Pot^^nriieiiic exist normally in the dnitnal tissues ? 

3d. Is not Marsh’s ap^ratus subject to serious obji^iimiii K ' ' 

^ 4tk, M^hat ail? tl»e best^ means not only of detecting but of 
ascertfdnt^ the i^^antfty of when In coMIdnation with 

.animiri^tler?'' ' 

fith, are the best means *of combating the poisonous 

^ffOcts qf arsenic aeid ? 

-j* Slliuuaii's Fbn. Joutueb for April, 1H41; « 
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To all tliese t|uestioiis siicli aiiswers will b« ai tiavf^ 

hitheH^ beiin lurnished. i, " ' ^ 

Does arsenic exist in thet^roxide of iron f 
Tlilii question originated from tlie fact tffat tblg sabatanee bad 
been administered in the case spoken of ^ and there ai^ those who 
9 appose that the arsenic detected belonged originally to the 
peroxide of iron used as an antidotq, ' * 

yit is well known that arsenic exists in a state of combination 
tii^ manf' of the sulphurets of iron, from which the iolphate is 
obUlned, and it is the latter thirt furnishes the peroxide either by 
precipitation or heat. Both forms of . this oxide hare been riib- 
jeeled to minute examination by>M. Orhla, who wa|» particulaHy 
interested in this question., and the following are his experiments 
with their remits : ^ ^ ^ t 

*• 1st. 1 boiled during four hours, iu lire capsules, four and a 
half ounces of hydrated peroxide of iroh, taken from different 
apothecaries, with four oqnces of distilled waiter, and by Marsh*s 
apparatus no trace of arsenic could be obtalnM. * ^ 

2d. I then added thirty grains of pure cqpstic potash to the 
hydrated peroxide of iron in each ^apsule, but no trace of arsenic 
could be obtained, 

3d. But on treating by an ,*^biillUion of fi 1 ^e hours aS epual 
quantity of hydrated peroxide of iron in pure sulphuric acid, the 
liquid of thrdb capsules out of the five gave arsenical taches. 

“ 4th. Four portions^^ four ounces each of colcothar of com- 
merce, (the anhydrous ^^oxide of iron formed by heating the 
sulphate..) obtained from different mercliants, by ebuhition for four 
hours in distilled water, did not give indications of the presence 
of arsenic* 

Sth. This substance in the same quantity by ebullition during 
five hours w'ith strong sulphuric acid, gave large arsenical stains 
with the aid of Marshes apparatus. 

** 6th- Thirty grains of colcothar d)oiled \vith siilpb uric acid, 
gave arsenical stains. 

'‘7th. Fifteen grains of the. same body, treated iq the same my, 
gave no ind(icattons of arsenic. 

8th. A solution of sulphate of iron gave np arsenical^ sWna 
udth the apparatus.'’ " * 

M. Orfila next administered four ounces of eolSbthar to tht^ 
dogs, tying the cesopbagus to prevent vomiting. Onq^pf them wis* 
examined in thirty-four hours after, the second fifty, imd the t^Hlfd 
slj^. The liver, spleen, heart, and kidneys of these; ai^bls, 
igfilrie submitted to investigation, but no trace of ai*senlo iiduM Se 
iiibialned. The liquid of the stomach and intevUnes of the first 
dog being separated fi^m fhe colcothai', gave ars^ical gtaim^ 
though Its urine did not indicate the presence of this metal. '^’1*5^ 
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» liquid of the second dog gave some stains, less apparent 

and i«5s nuinierous than that of the third, but on the contrary its 
urine gave strong indications of arsenic. 

^he conohisions to be arrived at from these experiments are# 
that the hydrated peroxide of iron, and the colooihar, the former 
of fvhich is administered as an antidote for arsenious acid, contain 
arsenic in minute quantities, *( though the former being no doubt 
as often without as with if,) bht that it requires the aid of a stro^ 
acid to develope it^ and also, that when these substa|g;es are 
admlstered, the arsenic that they contain is slowly absorbed, passes 
by organs, and is eliminated by the urine. The organs never 
at any timo retain sufficknt arfeiiic to exhibit it when examined 
for. ^ ‘ * 

This question being answered in the affirmative, #vould appear 
to tHrow a gr6at obsiaclt? in the way ©^pronouncing with certainty 
whether the arsenic fou%d in the intestinal liquid of an individu^ 
supposed to have f^en poisoned, and to whom the hydrated 
peroxide of iron been administered &s an antidote, was due to 
arsenious acid or to the oxide of iron. This difficulty would not 
arise except the ‘quantity found be extremely small ; for the 
peroxide of iron, from the manner in which it is prepared, can 
c/)ntaiif1>ut the ^nallest appreciable amount ; and, moreover, as it 
has*\lrea(ry been remarked, it is* not always that we find even that. 
The plan that the inedico-j urist should adopt, in % case of this 
character, would be to examine the peroxide of iron that the person 
had taken, should there be any of it remaining, if not the sulphate 
of iren fromsvhich it was made^ Again, he should hay but little 
stress upon the examination ofthe intestinal liquid, but direct his 
attention particularly to the organs. This, together with circum- 
stances peculiar to each case, will explain away any doubt that 
might arise. 

It ought to be perfectly understood, that the facts of the peroxide 
«f irod containing % small Quantity of arsenic, should be considered 
rather as a light to guide the chemist in his researches, than as a 
stumbling-bloC'k that might cause him to fall into error. 

^ . J)oes arsenic ejcist normally in the animal tissues ? 

Thi^ perhaps has been one of the most interesting questions 
• ever ]^opo8ed toVhemists, a|id the investigations that It has given 
rise ,tp, serves to show *the almost perfection of their science, tor 
were dVeui^Jppsed that the wbo^ animal Ii*ame contained but one 
fiftieth of a grain of arsenic, the chemist would n(vt despair not only 
of bt^idg able to detect it, but also of fixing its locality. 

' ,^A.f 1% regains the bones, it has been clearly demonstrated thaf 
j^ntain arsenic in a minute quantity, but sufficient to pla,c<^ 
*lhe' ffict b^ond the smallest doubt. • ^ 

Whether, exists in the muscles oi not, it is a qiicslinn hy not 
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meniis settled* It is true, that with the aid o£ Marsh's a)ij^itf«tu« 
there oah he obtained ^rom mnselas digested a long while in iHtric 
acid, staiiis which are of dl0bsent shades, *sueh as hiitliastt white, 
biriliiaiit yidlew, and nisty colour; 4hey are volatiio and not sohtble*' 
in nitric acid. Many have supposed thdh* eonipesltieii to he snl- 
phiir with an iafi^aitely smidi qaanMty of ai'senic. 1 think Utat 
these stains can he more easily «£ei^ted for by siilphuti|:wsid 
pllbsphorus, both of which e^dst idf the musses, and I am 
that there is neither time nor opportunity to examine iiitih illie 
truth of this tuppositiou. Nevertheless, whether they oawli^B 
arsenic or not, the stains obtained have but one cdiarac^iii^ll! 
beloBf^ng to that of arsenic, volatility. ‘ 

The next part of this question is very imporUiut ; It is whiitlier 
the organs, such as the liver, spleen, heart, &c., contaikA mwinal 
arsenic. The reason of its importance 'is, that it is upon them 
that we should place considerable reliance, in tj^e examination of 
the body of a person suf^osed to have been^oisonec^l by arsenic. 
To this we answer, that not the smallest traoe been detected 
in any of them ; and the answer is based, not u^n the few experi- 
ments of a single individual, hut d awn from numerous careful 
researches, made by skillful chemists. What is still more con- 
vincing on this point, is, that even in some cases, Where an 
animal has been poisoned by arsenic, its liver will not indicate its 
presence, * 

To sum up the answer to this question in a few words — Ih e 
bones do contain arsenic. No positive evidence has yet been 
given to lead us to believe that'^^e muscles eoiitaiit'tbe smallest 
quantity of arsenic. We have the most positive evidence that the 
organs do not contain the least trace of arsenic, 

H not Marshes appareti^e eukject to many and serious okyeeUons ? 

This valuable instrument 1 think discussed a year mr two 
since, by Di*. Mitchell, of Phiiadelpbia, but as I have nevevseeu 
Itfs article on the sul^ect, I iiope, that jt this shoiild meet his eye, 
he will excuse such parts of it as may be a repetition of what he 
then stated. Most that is about to be mentioned concerning this 
apparatus, belongs to the investigation of those more intimately «. 
connected with the subject than myself. 

• Marsh's apparatus, modified frym its original and. Vather» 
complex form,** consists of a four or eight bunco phiid, with ap^er- 
forated cork and glass dobe, beni;gKt,^gbt angles, or stp^ghl, 
former is considered prefomble, thoiigh in ^oth imstmmiem tlie ex. 
tremity must be drawn out to a capillary opening,) and 
ndth a porcelain plate or saucer, and: the matevl^ for genehatiilg,^ 
hyd»Dgeii^aEi|ie^ sulphuric aeid and water. • last stfo. 

stances in const! tuts^tHe Instnimieitik first qfN^lie]| to* 

be decided rs, ti%ctlier any of them are kubjeet to an impurity lliaf* 
* See Annals Vol. 1. ' ' 
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lusgflij: cr^te aDi evrm\ * 

A# regard* the tine, that there are sohic instances of the ainc 4 >f 
cotniiercc eeatainiag a smalt quantity of arsenic* is not to be 
; and that this will give rise to an iiupure^hydrogen, when 
aclad upon by pmre aitiphunc acid and water. Bnt then, again, 
thane is nnthii^t more easy than to procure zinc of commerce which 
Wf]i«geiicritte hydrogen perfectly free from arsenic, nowithstanding 
thei« are some who say that purified zinc is not fi^ee from t^s 
metal ; hut it Is evident that they must be mistaken, awany one 
nwy see hy making the experiment, which, as it is. a very simple one, 
iti|ould be well to perform ; and I feel confident in si^g that iUtlc 
or no difficnl^” will be^fmindsin procuring ordinary zinc of the 
»*' Ay to be used in Marshes apparatus. 

£ ‘ ' , acid may contain fvrseni^ when manifiictured wjth 

'L . < stained fi'om turtles holding that substance in enmhina- 

% \ out a simqjki distillation will serve to rid it of this impurity. 

Alier placing the :(tnc, sulphuric acid and water in the apparatus^ 
replace the corili, unth the glass tube inserted in it, and when the 
hydrogen has been allowed to generate* a sufficient length of time 
to expel the air, mflaine it as it issues from the extremity of the 
tube ; if a porcelain plate be now applied to about the middle of 
jthe fifttne, and^o stain or spot be obtained, we have the best 
evidence of the purity of our materials. 

Another apparent objection to the apparatus, is, that the intro- 
duction of animal matter, either solid or liquid, causes the forma- 
a large gwantity of froth, which arrests the progt'ess of the 
operation. oTbis, however, i|^o easily remedied, that it need 
hardly be considered aa objection. If the froth be not in too great 
quantity, it will suffice to introduce a little oil, which will serve to 
arrest its formation. Another method is to turn the liquid out of 
the phiad into a funnel, with the finger placed upon the lower ex- 
treauiy, the froth will at once rise to tfie surface, and by taking 
am9,f the finger the liquid will pass out perfectly free from it. 
Again, if care be taken to carbonize the matter before using it, 
this obtlmde will be removed. T^ere is still another means, and 
l#iid it to silked vhey well in most ihstaBoes ; . It is to pour the 
sulpiiurie acid destined for the formatioii of the hydrogen first upon 
the Athn al matter, and then pour the upon the zinc and water ; 
it would appear that % partial carbonizatioa takes place. No 
^doubt m«|t persons wiE no%perceive that this objection possesses 
no weight^ and vaa||giea altogether before the means proposed to 
eaeouiiterit 


* Thft next pari of this question to be examined, is, what sttb- 
^ staneei besidos arsenic peodnee ttoias with this apgmatus, and >» 

' there no danger o4cmi^«indiftg theia with that of arsenic ? They 
^ we milteiSaLyy tnlphuf , pheaphorus. and iron. Befoi’c spcakmg of 



70 *Means qf dei^iing ArittnU in the ^nitnni 

their dintiiigulfthing ehai'ActeristiiMi» it wauld be as i^eli to say a 
few words concemiag that ]>roduped from arseuic. 

The arsenical stain is highly metallic, <»f a steel colour^ with a 
sHg^t reddish tinge, and borders of a dark rusty color ; but to hare 
a i^fier idea of its appearance, well as that of the otimrs, one 
should see them. 1 1 is roiatlie by beat, and is dissolred by cold 
nitric acid, which solution 'gives to toe nitrate of stiver a brick^ered 
precipitate, the arsenate of silver. 

The ahtimonial stain is less metallic than the former in its 
appearance, also blacker, and when very dense even smutty. It 
can be volatilized, but with great didiculty, and not before it ^as 
been as it were chased about the surface of the porcelain. 1 1 is 
soluble in cold nitric acid, which solution gives no red' precipitate 
with nitrate of»silvcr. . - 

The next stain to be spoken of, is the <^ompound one, of arsenic 
and antimony ; at the same time mention. wil4 be made of tbe 
method adopted by M. Orfila for detecting thg one or tbe other of 
these metals in It. It partakes, as might be esipe^ed, of the cha- 
racters of both the metals that enter into its composition, being 
partially volatile, soluble in nitric oc’d, from wllich the brick-red 
precipitate of arsenate of silver can be obtained. M. Oi’dla pro- 
poses a plan of separating the coiyiitituents of ihjs stain, ^nd of, 
testing each by itself. He proceeds as follows : having coliecled 
a number of the compound stains upon a porcelain plate, he dis- 
solves them in^ nitric acid, which solution being poured into a 
capsule, is evaporated to dryness, and a residue remains composed 
of antimonious acid and a mixtur^^f arsenic and arsdaious acids. 
Upon this residue a little water is poured, and the capsule slightly 
heated, which enables the water to dissolve more readily the two 
last mentioned acids. l"he antimonious acid being 
settle, the clear liquid is decanted, and a few drops of nitrdte of 
Silver being thrown upon it, the brick-red arsenate of silver is. 
formed, which is sometimes mixed with ,a considhrable quantl’ty of 
a yellow precipitate, the arsenite of silver. This will, however, 
rarely happen, if a large quantity of nitric acid has been u»b 4 ; 
for by so doing, only an extremely small quantity can remain. in thn 
stale . of arsenions acid, ‘the oxidation being carrteda degree higher. 
Nevertheless, if tbe entire ^precipitate^ produced the of 

silver be yellow, it ean have no effect in destroyiiag^e fe^ c^ 
ceining the presence of arsenic, as Jt only indicates |hat it has^ 
ittei with arsenions and not arsenic acid« |Put to rOtuim 
subsitance left in the o^ule : — A small queasy of iimrlntiCr»iBi4» 
sHghtiy diluted, is upon U, which immediately 4tsto^vhs Iff' 

A outfit of sqlphill^ieil hydrogen is now made to pass through 
this sdlution, when the orange-colored sulphtirct of ^nUtnony 
formed. Another process ivHl be stated for ardving at the saih® ^ 
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mention ts made of a method by which I propose to 
septate araanic from organic lubatani^a. The importance of 
^ flftudying this double tacbe will be evident to every redecting mind, 
**for it i«ay not nnfreqnently happen that the physician called upo’h 
to adminiatet a flerson supposed to be laboring under the effects 
df araenib/ may use tartar egietic to disemban-ass the stomach of 
the^stippdaed poison ; death |alcing piace> an examination is made 
of the liquid found in the stomach and intestines., of urine, Sic*fjyy 
means of Marshes appagatiis, and a stain is obtained wbtch is not 
easily volatilised, and which has the appearance of antimony. 
What Chen is to be done ? Why, we are to proceed iu om* expert* 
ments as jtt|t stated, add* the ••(wo metals, if both be present, are 
to be separated. 

The Itain from sfMphur has all th<^ characteristics of that sub- 
stance ; colour fellow, volatile, with a suffocating smell, dtc. There 
is not the least probability of confounding it with any thing else* 

The stain from g>hosphorus possesses three different shades, 
brilliant white, brilflaiit yellow, and rust color. W^cn the quan- 
tity of phosphort|^ is very small, either the first, or only the first 
and second are seen. It is volatile, reddens litmus paper, and is 
insoluble in cold nitric acid, so that there cannot be tbe least 
4>ccpsion for inirdaking between^ this and arsenic. 

The next substance that produces a stain when introduced into 
tbe apparatus in question, is iron, but it ought no^ to be classed 
with the others, for I am firmly convinced that it is not due to any 
iton that may be dissolved by the hydrogen ; in other words that 
' there is no ferruginous hydrojjjs#. My reason for so believing is 
based upon the following facts : — If we desire to obtain this stain, 
a considerable quantity of iron, or some salt of iron, must be used, 
and the gas made to generate rapidly. Now observe what must 
take place. The action of the liquid being violent, a spray Is 
formed, which consists of the dilute acid and whatever salts it may 
hold fn solution. In this case iron as one ; this spray passes along 
with the hydrogen through the jet ; the hydrogen being now 
ignited, •a porcelain ^urface Is placed in contact with fbe dame, 

* wHich, becoming heated, enables it to evaporate the water from 
the ^^alt of iron, which deposits itself, and afterwards becomes 

* decoiqposed by^a continuatigm of the hhat, tbe peroxide being left. 
If we still relhttii the* ir6n in the apparatus, but make the action 

#iOt very lig^sk, no stain wUUexibit itself upon a smooth porcelain 
sufface ; but if the broken surface of a piece of poi'celain is placed 
lit intact with tbe dame, a slight black deposit is formed > consist- 
ing, as la the former case^ of peroxide of iron ; the reason of this 
^ isi that it is a hiore convenient surface for retainitig the particles 

* of the tsAvitjon of iron tlirowa out lb company with the hydrogen, 
'*^Agai!n,tbls*staiii is evidently an oxide, which it is not probable 
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would he cme^ Imd the iron been chemically coml^iliod a^iCh 
the hy^drofeti. Another reason !§> that if the gaa ha made la ira« 
yer«e water or chloride of calcium hefore lg&ltioii» tSn itaia will he 
l^noed» for the iron mixed with the hydrogen It retained by either 
of tbene meant* This stain has been nerba^s more notle^ than 
it deservas* It is not easily prodnf-ed, and is dfistingnlshed by its 
not being TolatUe and its solution iy any of the strong adds, ^rlag 
irblue precipitate with ferrocyaaiuret of poiamltitti. 

Thei^ is yet one oth^r stale to be spolien of. If the dame of 
the apparatus, containing only alnc, sulphudc add of water, be 
prolonged for some time upon one spot on the porcelain, an vfake 
white stain will be perceived, wiftch I |>rapose to ^xplaln in the 
same way as the last, the cause of it being the oxide of sine instead 
of iron, this Wide arises from the decomp<^tion of a siWll quan* 
tity of sulphate of zinc tbroam out with the hydrogen, but still it 
is a thing hardly worthy of notice, for afft r it i» formed it is dlfii- 
ciiH to see it. , ' ~ 

What is die conclusiQn to be arrived af ' coe.cerning Marsh-s 
apparatus, after what has been said ? 'Why, that it should be 
considered as the most valuable instrument that the mediuo.jlttrist 
possesses, to assist him in his experiments upon the poison in 
question ; for with proper care .nil the objectims to it cap be 
easily remedied, and the character of each stain is so a*dl marked 
that they nc^ never be confounded, as will be seen by glancing 
the eye over what follows. 

Arsenic — Steel colour, highly metallic, easily volatilized by heat, 
readily dissolved in nitric acid ; \W,'' nitric acid soliitil$n gives with 
nitrate of silver a brick*red precipitate. 

Antimony — Colour darker than steel, metallic, with dlfhculty 
volatilized by beat, readily dissolved in nitric acid ; the nitric acid 
solution gives with nitrate of silver no precipitate. 

Sulfhur — ^Colour salphor«yeHow, easily volatilized by heat, not 
sofnble in nitric acid, gives the well known smeSi of aulphur when 
burnt. 

Phogphorui — Colour briUiant from w hite to red, easily volatitized 
by heat, not soluble in nitric acid, reddens liinuis paper. « 

black’ but slightly metallic, not Vuiatiitned by heat, 
soluble in nitric acid ; the Citric sdlntlon strikes a blue c<dopr with * 
ferrocyasiuret of*potasslum. . *** 

MaraminttU&ns for arkenic in oust of potsoning* , o 

* fJnder this bead will be ansawed the foutlli fpseitlott^ a%iclt Is. 
What are the best means not only of detecting, but of ascertaining 
the quantity of arsenic in comblnatiioii with aniuial maHert * 
'Arseniotis add, it Is well knotm, does not destroy life by a Wmre ^ 
local action upon the stomach and inteatincjr, as do^inatiydf fbe* 
strong acids, but that its poisonous effects are exhibited afler i^ 
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lMk8 been absorbed into tbe system. It is true that U Inflames the 
miicdVis membrane of the intestinal canal; but that is comparativey 
of minor importance to its other effects. If it be absorbed, in 
^bat seci’etions and in what oagaus is it to be tbund in the greatest 
abundance# The urine is the first secretion in which arsenions 
acid fSKhibits itaelf, and in tj^ai not long after administration, 
Tbi^ fact, then, makes it itry;>ortant to preserve the urine of a 
person who we may suppose has been poisoned by this agent, fin* 
making the necessary medico>legal examination, and lb cases 
where. death does not occur it ought to be considered of more value 
thaii the matter vomited. 

After the. Ii^ladder, theliVeraifd heart next demand our attention, 
for one may calculate with almost ehsolute certainty upon finding 
this suhsiftince in the«®brgans, had it licen employed The brain 
and inner muscles of the thigh, in most cases of poisoning by ar- 
senious acid, contain il^n sufficienl quantity to be exhibited by 
means of Marsh’s apparatus, Othoi% portions of the body 
frequently contain it^u small quantities, Jiut if we have the organs 
ali*e»dy mentioned^ along with the stomach, intestines, and their 
contents, it will be all that it is important to experiment upon. 

hn commencing the experiments wc should be furnished with 
the tbllhwing materials, viz. uU^ic and suiphuj’ic acids, nitrate of 
potash, zinc and water. Their purity should be fully established 
befoi*e they are employed. * 

The use of the nitric acid is to carbonize the animal matter, and 
in*that way to develope any arsenic that it may contain This 
process is ol^vast itiiportanc^(«Rtt!l will be seen by the following 
example. Let the liver contain the largest quantity of arsenious 
acid that can reach it by the process of ahsorbiion, and it may be 
boiled for six hours, in distilled water, without giving up the 
smallest portion of the poison ; whereas, carbonize it first by the 
aid of nitric acid, and then pour the water upon it, and results of 
an entirely different nature •will be obtained, There are. no doubt* 
two reasons for the cause of this ; the first is, that the arsenious 
acid has unde^rgone ^ome cheinictd change, which renders it 
•insoluble ; the second is, that the liver is completely broken up by 
Ibe'rnltrlc acid, and the arsenic, L} whatever state it may have 
^^xlate^is now converted lnt» arsenic ac^d. The nitrate of potasli 
is sometimes Anploj^^ed fo destroy the carbon after -the nitric acid 
Igits acted ugon the animal matter. The stdphnrtc add, zinc and 
wates^, are the elements of Marsh’s apparatus. 

Th0«, fluid of the stomach and Intestines ilhould he first experi- 
m^ntea upon ; and this n*hy be introduced into the apparatus 
either In its enude state, or after having undergone carbonization 
W^heal or n^lc aeuk If It be employed iincarbonized, we may 
^ *pect a ^great quantity of froth, which may be obviated iii some 



74 Means a/ detecting Arsenie tu the Animal Body\ 

* * . ** 

measure by , tbe means already mentioned. When we cacbonize 

the matter by heat, it becoti|ps necessary to introdude d small 
portion of pure caustic potash during its evaporation, which com- 
* bines with arsenions acid, forming arsenite of potash, a substan^ 
not easily volatilized. If nitric acid be used, we first evaporate 
the liquid to dryness, then pouj; upon it two or three times its 
bulk ©f nitric acid, and again evajp>rale to dryness, when wtt may 
pxpect an almost complete destruction of the animal substances. 
The carbonized matter, formed either by heat or nitric acid, with 
whatever it may contain, is digested for a little while in pure water, 
which easily dissolves the arsenic, now in the states of arsenate of 
potash, and arsenic acid. Filtes, introduce the li^iid into the 
apparatus, trhcn vre may expect to exhibit the metal upon a por- 
celain surfao:^. In experj[menting upon iflb urine, the heme steps 
are to be taken. * ^ ^ 

The examination of the liver is conducted qs follows ; — Two or 
three pounds of it are first dried by a gentle h^at, and then digested 
with about three times as much nitric aci^ hff. weight, until the 
mass becomes perfectly di*y ; waUic is now poured upon it, and 
heat applied fur ten or fifteen mi..ules ; the liquid is now filtered, 
and tested by the apparatus. The heart musejes, brain, &c., if 
examined, must undergo the sam^c process. f, ** 

Tliere is yet another advantage, that has not been mentioned, 
connected w\th the carbonization of animal matter by nitric acid ; 
it is, that if antimony be present, it becomes converted into anti- 
monious acid, which is insoluble in water. ' ^ 

Mention has been made onh't4.-the manner of sepifrating arsenic 
from animal matter, by tbe aid of Marsh’s apparatus, and it may 
be well to give a brief account of one or two new methods adopted 
by Mr. Persoz to serve the same end, with this additional advan- 
tage, that it enables one to ascertain the exact amount present. 

The suspected materials, after having sufficient reason to sup- 
pose that they do not contain a poisop of orj^nic origin, ^r mex*- 
curial or antimonial preparations, are subjected to the action of 
dilute nitric acid, in order tq destroy those parts j^hat are decom- 
posed by this agent. Most of the organic substances haff^iogw 
undergone this decomposition, the residue is diluted with water, 
qpd heated to the boiling* point, and then left to cool ; 0e fattj^ 
and resinous <xubstance 5 rise to the sdrface, nref takeix off and 
washed, and the washings added tp the original liqjixid, which ^ 
then evaporated to the consistency of syrup. The liquid n^ has 
a dark brow^n tint, an evidence that it still cont'ams a quantity ef 
organic matter. Nitric acid, therefore, is again added, and a jx%w 
oxidation tak^^s place. We I'ecommence to evaporate* snd conUnne 
to add nitric . acid, until thd liquid acquires* a livcljr orange 
when a ca?n^ evaporatioxi is commenced, first over a nid(e4 dr^ 
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ami il>en by the means of vapour. An approximate value being 
made of the quantity of residue, Uvice and a half limes its volume 
of pure nitrate of potash is added, for the puiq>08C of completing 
Aic oxidation. Water is next poured upon these materials, and 
heat applied and continued until the water is evaporated and the 
residue is dry ; by this mean^i an intimate mixture is brought 
about between the nitre and ^animal substances. In this part of 
the operation, care must be taken to extend the matter as much .§s 
possible over the surface of the capsule as soon as it begins to dry. 
I'lie capsule is now heated almost to redness, when a deflagaation 
tak<« j)lace, and propagates itself through all the matter submitted 
to analysis, destroying stil 'reniJjns of organic matter. Care must 
be taken that the* nitre be in sufficient quantity, for if not, this 
part of th? process mdht Ji)e gone over second time.^ 

»• After the deflagration has taken place, it may be well to heat 
the residue a sec<xid linfe, in a capsule of platinum or silver, to 
redness. The residuoconsists generally of the following substances: 
the excess of nil^atlf of potash mixed wjth the nitrite of the same 
substance ; carbonate of potash ; the salts existing in the organic 
matter, as well as those formed during the process, such as the 
phosphates, sulphates, and chlorides, free oxides, and finally arsenic 
acid;^ free and iriacorabination w’yh potash. This compound mass 
being pulverfzetl, *is mixed with one and a half times its bulk of 
hydrochloratc of ammonia, introduced into a retort, And lieated to 
a dull re<lncss. By the action of the beat, the chlorine of the 
b}f(lrochlorate of ammonia combines with the potassium, and the 
hydrogen of tlie ammonia rcdjifws^ the arsenic acid to the state of 
arsenious acid, which sublimes with the excess of hydrdchlorate of 
ammonia, and is condensed on the upper part and neck of the 
retort. Other chemical changes take place, but they do not 
modify tlie one just stated. The operation being finished, the 
retort Js broken, |jud the substance sublimed dissolved in water 
strongly acidulated wnth hjidrochloric acid, and through this solu- 
tion is passed sulphuretted hydrogen, which enables us to obtain 
all the arseiiU that ^^as originally in combination with animal 
•master, in the stale of a pure sulphuiet. This i>rocess is some- 
what qpmplieated, but each step is so clear, ‘that with proper care, 
•the imi|^ satisfactory result might be obtained in almost ajl casus. 

In fulfilling Itlic promise as regards the stating of all important 
ikets lately Jiroiigbt to light cunceriiing this'too imiversal poison, I 
will mention two other methods of separating and of ascertaining 
the quantity of arsenic in combination with organic substances. 
*rtey are both modifications of Marsh's apparatus ; one is pro- 
.poaed by M. Lassaigne, and the other by myself. 

^ M, Tias 8 a|gne, inf^tcad of igniting* the arscimvetted hydrogen, 
jnfl obtqinitig the arsenyr upon a cold smTacc, pasi<es it through a ^ 
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solutloa of nitrate of silver, which it has the pr<J|>erty of decom- 
posing. The solution first becciyipes brpwn, and then a deposit of 
oxide of silver tahcs place. After the gas has ceased to pass* a^ 
cjl^uaniity of muriatic acid is poured . upon it. which decomposes 
what nitrate of silver remains, and converts ‘the precipitate into 
chloride of silver. There remains^ now in solution arsenic and 
arsenious acids, and by filtering or^ evaporating to dryness. \hey 
arp obtained. 

I profuse to pass the arsenuretted hydrogen through a tolerably 
strong solution of iodine in alcohol, in order to decompose it, 
which it does effectually, there being formed the iodine of arsei^iic, 
which remains in solution. All th^t is'^iiAw nccessarj^ to be done> 
is to evaporate nearly to dryness, until rtjd fumes 'make their 
appearance, ahd then pour, twice or thrice as much nitr^ acid as 
there is residue in the capsule. Heat is again applied, arid the 
evaporation continued to dryness, when there will be retuatnlng 
arsenic and arsenious aci^s. The nitric acid«tn this case converts 
the iodine of the iodide of arsenic, and the fr#i* isdine into iodous 
and iodic acids, both of which are evaporated v’*tb the undecom- 
posed nitric acid. 

Iodine also decomposes the antimoniacal hydrogen, first forming 
iodide of antlmouy, which the w's^ter of the nlcaiiol imme*dii^tely 
decomposes into hydriodic acid and oxide of antimony, the latter 
of which is precipitated. This- then becomes a convenient mode 
of sepai'ating the tw’o substances, antimony and arsenic, for by 
passing the compound gas through the alcoholic solution of iodine, 
it becomes decomposed, and .. of arsenic is folf’mnd, which 

remains in 'solution, and the oxide of antimony which is precipi- 
tated, can be separated by means of a filter. This, however, is 
not the plan that I would propose ; ft would be better to invert 
the precipitates as well as the liquid into a capsule, evaporate and 
treat with nitric acid as in the’ Case of arsenic, when we shall have 
left the arsenic, arsenious and antimordons acfds, the two termer 
of which are soluble in waiter. 

One may now imagine that thc**e is nothing easier for the medico- 
jurist than to form a connect opinion, and one that oannot^be 
doubted, concerning poisoning by arsenic. Whether speh H 
tlt€ fact , or not, he will find in so me ceases, that all his f|||dli*yfmd * 
care wnli be required, not only to convince ‘the miirds*of oHSrs^ but 
even bis own. It.may ^ot unfrequently occur, that ai’tf nious .aciA 
has been the poisoning agent, and still great difiksuHies present 
themselves, which arc enumerated in almost aU works on medical 
jurisprudence. * 

♦There is one very important fact to be kept In fnihd with I'pf* , 
.ernnee to examinations of thil character ; U in the medical treaty 
^meut that the individual has been subjected to before dqat^. Fo^ 
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, 0 
instance, the treAtinent by diureticH, which will be mentioned 
presently, may remeve from one or more organs the-, poison previ- 
^ousJy contained in them, and still the impressions made upon thein 
be too strong to be recovered from. How then is this difficulty to 
be be removed ? By carefuMy preserving all the urine — an obser- 
vation which is of such imp<«rtance that it should not escape the 
memory of any physician. % 

ff^hat are the best means of treating the poisonous effects^ tf 
arsenic ? • 

A few words upon two new methods of treating the effiects of 
ar>t;*nic, will conclude this article, already extended much farther 
than I had j^tendeil. * ' *. 

The remedies that we already possess, aie. at the very best, but 
feeble agents to combat^ihe effects of this poison. 'The one most 
\ to be lelied on is the hydrated peroxide of iron, it being a veritable 
antidote to poiKctning airsenic ; however, there are some objec- 
tions, the principal of wdiich is the slowyiess of its absorption, for 
it is only wheilR iP encounters the poijon that its salutnry effects 
arc displayed, by •forming with it an inert arseniie of iron. 

A treatment proposed in Italy, is the administration of stimulant 
draugly:s every tw'o or three hours, consisting of brandy one ounce, 
•wiije two ouncjs, bouillon (tbp liquid produced by boiling beef or 
other meat in w^ater) four ounces. It is based upon the supposi- 
tion that the effects of arsenic are atonic, the truth of which is far 
from being established. Instances arc given w’here this treatment 
lias proved efficacious, although I hare witnessed experiments 
made with it, in comparisqjj»<^'it!i simply tepid w’ater, where the 
lattt?i* proved to be the most successful of the two. 

The treatment by diuretics is one that deserves some considera- 
tion ; it is advanced by M. Orfila, based upon mtmerons experi- 
ments* It has beeii more than once stated, that the urine exhibits 
a large portion o^the arsenious acid absorbed into the system, and 
it seems very rational to ‘Suppose, that if this secretion could be 
augmented by any means, that the quantity of arsenic carried off 
would be also* increased. It has hee^ observed, that where equal 
qdhntities of ai*senious acid have been given to two dogs of equal 
vigour, and if one died and the other sui'vived its effects, we find 
’ that tie latter had urjnatRd largely. * The diuretics merit sdme 
attention ; tfiey are not to be used until the stomach is emptied of 
«Sts contents by some mild emetic and tepid water. 

' In a medioo-legal examination for antimony, most of the steps 
that have been i>roposed in the case of arsenic can be followed ; 
the principal modification is where either nitric acid or heat has 
. bewn used to carbonize the animal yiatter ; for in that case, louri- 
^ atie acid slightly <tt!uled is to be employed as the dissolving agent 
^ instead of water. 

T’arjs. Occembor 1840 
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The employment of Iodine as a reagent for llydroeulpHuric Aeid ; 

* by M. Alphonse bit Pasqbier.* 

TO THE E^DITOBS OF THE AMERICAN . JOHllKAL OF SCIENCE. 

Gentlemen, — The original of this* article was x>ublisbed in the 
Mafch number of the Annales de Chimie et de Physique, and the 
importance of its being generally known to those who devote any 
of their time or attention to the investigation of our mineral waters, 
which are more or less impregnated with Hydrosulphnric acid apd 
the alkaline hydrosulphates, has iin&uced aie to transmit to you, 
for publication, a translation of such parts as explain lire method 
of employing tlK^ reagent in question, and the conclusions \-hat M. 
Alphonse has arrived at by his varied expefiments. * 

The sufpliohydrometei- that is described, ^ of ^asy application, 
and enables one to obtain very accurate resnlts^in a short spa^e of 
time, particularly when use is made of a tableitliqit I have calcu- 
lated and annexed. 

As regards the strength of the t*ncture of iodine, that is alto- 
gether optional with the individual who employs it ; it being only 
requisite to have a knowledge of the amount of iodij^e contafded in 
a measured portion of the liquid. I sliopid propose, as most 
convenient, tlsAt each division on (he sulpbohydromer should 
answer to yt yf a grain of iodine, and a subdivision to ^ i y;. 

Yours respectfully, Lawrence Smith, M, D. » 

Paii;A, Sept. 20, IHlO. % 

To determine the proportion of hydrosulphuric acid, either 
free or in combination in stilphureous waters, is an operation 
attended with considerable difficulty, and of which the resuts are 
far from being certain. All the methods employed to arrive at 
this end, comprising even the process pf M. G^otthuz, (th^ em 
ployment of ammoniacal nitrate of silver,) adopted by M. Anglada, 
and tlie generality ^of chemists ,of the present day, present great 
difficulties of detail, and arc,' as has been deinonstrated in my finst 
memoir, subject to gross errors, particularly when we obtain a 
sulphuret more or less impute ; and na^reover when the qu^tity 
of hydrosulphuric acid is very minute they chase to aet. 

In my researches upon the waters 4>f AUevard, the* upcef tainty ^ 
of these methods," made me desire to diseover some process more 
satisfactory, wffien, employing as a reagent the aleohoUc tincture of 
iodipO^ not being among those ordinarily used ;) I found that* 
the deeomposiiion of the hydrosulphuric acid by this Hietalloid, was 
complete and instantaneous, and that one could determine, in avory 
eas^ manner, the precise point at which the decomposition of the ^ 
Silliman’s Phil. Joiirnal, for January, 1841. 
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hyclrosnJphuric. acid is acbiercd, or when the iodine no longer 
into combination. I conclude, from tbl» fact, that, with a 
tincture of which I know before hand the proportions, 1 shall be 
able lo ascertain, by the quantity of iodine eini>loyed to saturate a 
litre of the sulphurous water, the precise amount of hydrosulphiiiic 
acid which it contains. ^ 

Moreover, I am able to ascertain the quantity of iodine em- 
ployed, w'itbout Ihc use of a balance, by the means of an instruijent 
which I call a sulphoh ydrorneter. This instrument is ^graduated 
tube, which allo,ws the tincture €»f iodine to flow from an elongated 
c:^tremity wdth a capillary opening, the otlicr extremity Wing 
closed by a stopper, * » • 

To eitfploy the sulphohydfonieter, we take a certain quantity 
of the Juiphurous water which we may wish to analyze, and placing 
if^in a porcelain ca])sutft, add a few 3rops of a very clear solution 
of starch, and then r^llow the tincture of iodine to fall upon it, 
drop by drop, ifforq the instrument, previously filled to the point 
marked ai\^ cautinue the addition so long as no change takes 
place in the colour of the water, favourftig the reaction by agitation 
with a glass roll. So long as there remains the smallest trace of 
hydrosulphuric acid, the iodine disappears as fast as it is intro- 
duced^ and thc^starch, upon which iodine in a state of combination 
ddes not act, gives rise to n*o colouration of the liquid until the 
hydrosulphuric acid is comj>ietely saturated, whem the minutest 
addition of iodine at once strikes a blue colour with it. We then 
^ex amine how many degrees of tincture have been employed, and 
knowing tlJe strength of it, wje.,*>re enabled to calculate the quantity 
of hydrosulphuric acid deciT&posed by it. 

“ This method of analysis, independent of its affording results 
of the most accurate character, has the additional advantage of 
being executed in s(» short a space of time, that one may. make 
from tifteen to twenty experiments in less than one hour, and at 
the •same time ^bc perfectly sure of committing no error. It is 
also so easily put into practice, that any physician or intelligent 
person may apply it, and assure themselves daily of the variation 
iijt the strength of thb sulphurous w’^jrters caused either bo atmos- 
pheric changes or an admixture with fain water, 

*^*The conclusions that^ arrHed at by my experiment^ are 
as follow^ : — % • 

'■* Ist. That the best known reagents for hydrosulphuric acid are 
subject tS great objections, since they do not indicate even notable 
quantities of the acid, free or combined ; a circumstance that ex - 
plains why its presence has not been demonstrated in wafers 
wliose physical properties rank them as sulphureous. 

2dn That an ^oholic solution of iodine, employed along with 
starch; is*a 'very sensible reagent for hydrosulphuric arid, free or 
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In a state of combination. It can ilOtect, in an unnonbted manner, 
(by a com]>arative examination, witb common water,) a drbp of 
concentrated solution of ai^y of the alkaline hydrosulphates, dissemi- 
nated one hectolitre* of water, although the known reagents lose’ 
their action when the same quantity is disseminated in only' ten 
iitres.f « , 

** dd. Thai with the tincture of,^ iodine and starch we *can 
repogniae infallibly, in the weakest sulphureous waters, iu those 
where oalinary reagents are useless, not only the presence, but 
also the quantity of hydrosulphuric acid, either free or in a state 
of conibmation. « 

4tb. That the known processe;S’for flefermining tln^ proportion 
of hydrosulphuric acid, free or combined, are so long and ditficult 
that their restfit is uncertain and incorrect, especially in fi?gar^ to 
waters possessing but little of the sulphureous principle,’^ 

r ■ r 

Table of the quantity of^ Hydrosulphuric Acid decomposed by 
quantities of Iodine from ^ 


lODJSB. 

HYUK08Cl.l’«l’ItU' ACil*. 

loxajik. 

iivnuosui.r 

liClUO ACII> 

Weight ill 

Weight in ^raim. 

Bulk in t'ubio 
incl».*s. 

Wi'ight in 
gnuna. 

Wi iyht iu 
gmius. ^ 

Bulk iu cubiir 

.01 

,001351 

.003691 

*.60 

.08106' 

.22146^ 

.02 

.002^02 

,007382 

*70 

.09457 

.25837 

.03 

.00405.3 

.011073 

-80 

.10808 

.29528 



.014761 

.90 

.12159 

.33219 

.05 

.006755 

.018455 

JU)0 

.13510 

« ,36910 

.06 

.008106 

.022146 


.27020 

.73820 

.07 


.0258.37 

3.00 

.40530 

K10730 

.08 


.029528 

4.00 

,54040 

1.47640 

mm 

.0121.50 

.033219 

5.00 

.67550 

1.84550 

.10 

.013510 

.030910 

6.00 

.81060 

2,21460 

.20 

.027030 

.073820 

7.G0 

.94570 

2.68370 

.30 


1 .110730 

8,00" 

1OB080 

2.95280 

.40 



9.00 

1 1.21590 

3.32190 

.50 



10.00 

1,.35100 

8.69100^ 


^ Hcclolitre, about 26^ gullgcis. f litrc«, about 2^ gallons. 
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Mr, s iiffct ritdl Marhiiu, 

Jh srrtpf fon of (( Dtnihli- i CUili ndrr T'Ai^rtrival Murhi tir. 

T 4it it Tji'ftct- //» thi- lUdiiof, 

% 

Siu, — In (■t)n>rfjiicuct- ol \ our iii\ it ttinn to iho rtN-idi'i '- oi' \ r>uv t xculU^nt 
Aima!-^ of' I^U*< tnoit y , N;c., tt> furi\i-l\ sou svitli ar.v iu.*\v or ori^oiial iilau-, 
tjf jj|)i>;uat u-^ fliat luay irj iui\ svi.'** j'roiuf'tc flu* ii.ts'iost*; (W' the 1 

take?} the liberty of tbrsY'irili?)!,’^ y»>u tin- i‘iirlo>erI sketeh { Fig. 0, 1*1. I. ) 
aiui «le';eiij>f ion of oti.' I eoijiri\e<l ami made :ibf>ut feu \ a^'o : 

^\'hL•n bi'f niadc, it wav AV/z/v/r'.'. principle, ssilh a jtafallel positis’e 

and m*f<ative ('ondiief or, hoih the >aim* vizt% and each tlie li Tit'fb of tin* 
‘eslinder and t \vo-f hirdv of’ifv diatueter, ssbi<h wav nia<ie out of llu' u^nai 

* - t 

pt't )porf i( rj»s lor camijnief f.o ' , 1‘J'inehev loii^- md 1 d inches diainetej ; thci'e 
m-ed iijc no fear about the fluid runtuniJ: s)if, if tbete iv ;i »tinieienl uuiiiber of 
sir an and "ba? p poiiifvttf bramv win* runiiiny alonp tlu‘ faecof the eslindei 
limn edec fo the >kete!>. 

1 liiOiialit it a c'ii- al wavt.e of time ami Jabour f o t‘\eite in one plaro on’s 
alioiit do -quati' itfclu'v »)f xindaee. ouf of nearls ddO, lijani eaeli res-ohition 
of tbc cslimler, a^ iv tin* eave up »n AV///vn'\ {dan; and that there ss'a-. 
Jiotldnj.T fo {jrevenl a 'rreat«'r amount of useful excitement, if tin; lluiil 
;nn^(iiated t'ould he efli eruall} carried off to t]»e prime <'omluetor, ssdneb 
• dijcet 1 havy* attained, ‘^o fo double tbe power, or neaily so, of tin- 
maebine, and itis'c if a eomjaun and better ap}>eara)ie», without addine; 
mneli to the ex{)eiive, wbisdi plan and luls'aiitayes may be cavils adapted To 
ans tdd niaehijte noss' in use. 

I'lie eo'^struelion will bt' <‘as:iy tindecsf i)od bs’ reference to ibe i'kefidj. 
'Tin prime eondu<-t»>i is insulateil by a .vtont f;ljivs {)illar, ecmented into a 
ss ooiieu socket that seress’s on to the top of the fnmt {ullaroftbe uuiehine 
fm tbe under-idc of tbe ef>miuetor ; rising- insvurds are sockets, iiits) one of 
which a hollow arm, about I inch diameter tits, that extends across the 
fs>pi of tlie <’ylin4(n’, littetl wdth a row of etdleetin;^ points, ca<di about 
an ineli loiif?, ami fij)art, so as to extend to the edf^es of the es linder. 
i’roni tlie end <d the arm nearest ths; eomhietor proeetuls a {)i<'ee of No. I 
^rass wire, lanit into^the size and curve of tin* edfre of the eslinder, or 
rather larg'd’; reaehijig: round to the bof tom of the eslindtU', to which is 
attig-*h<*d anolhiM' similar aril^, to carry the fluid from the second euvlfiou . 
tin* cjirved* \^ir«' is bent at each eiul about d inebes, so as to make the arms 
sit {laralSiirl to the eslinder, ;fTid they pas.s into a cork ecmented into the 
cuds of the arms, with a bit iippcui out of the edge to re<“eive tlse wire to 
keep tlieni steady in tlieir places : from the front end of the juiine con- 
ductor pro<’ecds aiuithcr arm that ulst» tits into a similar soiket, at^ the 
bf»ttorn end of whiph is a svire with a*ball to mljiivl fn the proper heicht 
for eha/f^ijg jar.s, »'s.e.. as repiu*sented in the plan. 

'rhe ft lime and isegatisr {tillav.-ais lu.idf fd . <-a,-ondl bf-et iissamd . baked 
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to complete dryneauB, and immediately worked up and coated with varnish, 
made of equal parts of gum mastic and shellac dissolved in alcohol, 
the pillars coated eight or ten times oi^r as fast as they become dry and 
hard, which I find secures as perfect an insulation as glass when wiped 
clean and dry, with the advantage of strength and no*risk of breakage. 
'J'he conductors are made of sheet tin and gilt over with Dutch inctal 
h'af, having one coat of the varnisli over ij; to prevent their being dis» 
coloured by the action of the atmosphere, it does not destroy their effi- 
ciency, and ^ves them a smart appearance at little cost- Th^ axis that 
the cylinder is mounted upon runs completely through the cylinder, and 
is about half the diameter of the holes it ‘passes tl/rough, which allows 
its being so wedged as to make it the truefet on the surface for exratement ; 
it is then secured#*in its place hy wooden caps covering the proji’Cting 
necks cemented to them and the end of the cylinder. •’ 

If you should deem this worthy of your notice in y.)ur Aij^nals, and enter- 
tain any desire for other kinds qf apparatus not connn^nly in use, I ha' C 
another or two contrivances for, useful purposes that % slmell have great 
pleasure in submitting to your notiee. — I am, Sir, yotur most obedient 
^ervant, ^ IIICHARD EATON. 

Muchpark Street, Coventry. ^ 

April 30, 1841. ^ ^ ^ ^ 

Lightning Conductors. By J. Murrat, Esq., F.G.S., 8cv.. 

Sia, — As your columns seem ever open to communications which 
relate to the public well-being, or are^ormyet'ft-'d with the q*tiestion of 
individual benefit, I venture to trespas.s on your time, and to solicit a 
niche in your columns. Favouritism, I fear, mingles often in Parlia- 
mentary Committees and Government Commissions of Inquiry, and 
hence a one-sided and partial view of the question terminates the case, 

1 had no reason to be disappointed in the very impeffect and uselvess 
investigation on the subject of shipwreck, consigned to a Committee 
appointed by Parliament, when Mr. X>ennett was not examined, and his 
rockets, every way superior to the invention of Manby, formed no itena^ 
in the recommendations of the Committee ; but 1 think 1 have a right to 
comfllain in the case of the favouritism sbowifto I^r. Harris, of Plymouth, 
in the recommendation for adopting his conductor in the ifrttish Navy. 
The opinions of Faraday, Daniell, and Whetstone, the persouti friends 
of Mr. Harris, seem to have been a ne plus ultra^ and were made to bear 
entirely and exclusively on his lightning rod, as if no other had been in 
existrenee, or ever proposed. It may be also reasonably asked why Mr. 
Crosse, of Broomfield, was not eikmined on the oci$asiofi — one who is 
perhaps more practically cemversant with atmospherical electrfRty than 
any other ? 
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My. lightning conductors have been long before the*public, and their 
<ij!iciency fully proved in many a thunder-storm during the last twelve 
years, so that there is nothing hypothetical or problematical in reference 
to my invention. More than thirty of these conductors have Ueen 
erected in Yorkshtre alone. It has been described in my work on the 
cubjcct, us well as in the “ Apnals of Electricity.” I am not aware that 
Harris’s conductor has cvc*v been erected, and Mr. Roberts and Mr, 
{Sturgeon have controverted its etlicacy. Mr. Harris sues for •their 
(jradual introduction into the British Navy ; but, if there be no doubts 
as to their complete efficiency, or any “ compunctious visitings of nature,” 
why not entirely and at oijce ? / 

My lig’At fling conductor comes before the public recommended for its 
crouolinj and simpUcitt/, while it stipulate.s all I he cond^ions which should 
enter into the composition of a complete storm conductor, calculated on 
the sound prii*ciples ^f induction. Its perfirt security has never biien 
ijuesticMicd, nor hu» any one ventured to *louht the absence of any of the 
element-, of h* good lightning rod. It •may certainly be received as an 
axiom, that a had or irnperleet conductor is infinitely worse than no 
eoiiduetor at all. 

ililic el eineiys of a good <‘onducting medium for lightning in the storm, 
'arethe.se: — A provision for it. s* prompt and safe receipt — a continuou.s 
conducting medium for its subsequent transit, that •being u material 
frafight with the best conducting character — and further, a safe escape to 
the sulfsoil, or to water. As lightning penetrates to a depth scarcely 
apj)reciab^’, the substance q^good conductors, a considerable superficial 
extent is requisite. 

1 employ copper gas piping, screwed together in definite lengths, and 
terininutiiig above in an elongated and pointed solid copper pyramid. 
Immediately beneath thi.s terminus, the hollow stem is perforated, so 
thftt the lightning may al:^ penetrate the interior. Tifis interior surface 
may be preserved for ever free from oxidation. The continuous rod 
enters the earth, an(^ terminates in* a well, or the subsoil. In order to 
^irotcct the external surface from oxidation, 1 apply the galvanic principle 
of^trips of zinc, insulated by bands of Ifjather, and connect the zinc^witli 
thc^ copper ^cni by copper wire, • 

It is easy to see the applicration of this conductor to ships. The higher 
[larts of^the conductor may be made to slide into each other like the 
tubes of a telescope, to meet the contingencies of the topmast or topgal- 
lant mast being struck (lowered) in a storm. The lower end of the 

I'onductor passes through the kcelston Yours, &c., 

May im, 1841? * ‘J. MURRAY. 

P^S . — Apart from the question of “ the lateral explosion,” I eon.-ider 
a .sr'ooth rounded mrface essential to the charurter of a good conducting 
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nieUiuiii ; a (‘onclitsion, of course, at- variance with Harris’s strips of 
metal. This coniinunicatioii has been transmitted to, and its receipt 
acknowledged by, the Earl of Minto. 


LECTURES ON ELECTRICITY, &c. 

LECTURE lie 

'l’»K*'electrieal light which was so brilliantly exhibited in some of our 
latest experiments in the last Lecture, is capable of being moulded into a 
great variety of very beautiful experiments, some of which 1 will presently 
show you. You have already seen that a spark taken from the prime* 
conductor, is capable of penetrating and making its way tbroil^h a stra- 
tum of air, of the’ usual density, more than twelve indies thick ; ^Ind it 
will traverse a much thicker plate of air that is attenuated, because, when" 
in the latter condition, the air is a much Ix'ttcr eorHnetortthun when it is 
dense: but in proportion as weuttenuatc the air throif^h which a current 
of electric sparks is passing, the light becomes more' feeble, and that 
brilliancy which the electric fluid exhibits air of the common density, is 
entirely lost in higlily attenuated air. 

There is an experiment, however, usually called the Falling i^tar Expe- 
riment. and of which I shall speak more particularly in a future Lecture', 
in which the liglit is very brilliant when the air is attenuated to a certain 
degree ; but in that case we transmit a greater ejuantity of the electric 
fluid, in one spark, than can be accumulated on the surface of the 
prime conductor, for which purpose we enifjloy an instrument called the 
Leyden jar. 

A very simple piece of apparatus, for showing the electrical light in a 
pleasing manner, is made by a few leaden sliot, (duck-sbot, for instance) 
strung on to a thread of silk, keeping a space of about one-tenth of an 
inch between every two. Twenty or thirty, o|even mote, of these siftall 
globes, may be thus arranged, and the ends of the thread cut, or burnt, 
dose to the extreme globes of the siries, so that n^ loose ragged end may 
interfere with the experimerit ; then, by bolding one of the extreme shol? 
between the finger and thumb, ^.nd letting the rest hang down to the 
of the prime conductor, so thatithe lowest do not; touch it, ^u will rfbe a 
beautiful series t»f sparks traversing the silken thread from one end to the 
other. ’ 

In this experiment, it will be observed, the sparks appear between the 
leaden globes only, and no light is observable wdiilst the fluid traverses ' 
the ‘balls; therefore, the lowest shot first receives the sparks from the 
prime conductor, 'and delivers them to the second, \>4)ieh agjijn delivers 
them to the third, and so on, from one to the other, until theyarriy;e 
at the hand, where they arc lost. 
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Tliisi instrument, it is true, is but a very rude sul^titute for some ol 
tf use elegant pieces of apparatus which are usually employed for the same 
purpose, but, at the same time, it^nswers all the purposes of explanation 
<{uite as efficiently as they do. The apparatus generally employed. are 
]neees of glass, either flat, or in the shape of tubes, partially spangled with 
discs of tin foil. They are generally constructed very tastefully, and the 
Spangles of foil suitably arranged, so as to diversify the route of the sparks 
in a variety of ways, which give to their display a more pleasing and 
interesting effect than could otherwise be produced. • 

'J'he glass tubes are capped at both extremities, with hollow spheres of 
*brass, well polished und,lacquerj^, and the spangles of tin foil are arranged 
round aitH rounil the tube, in the form of a spiral, from one end to the 
jithei'f taking care tliat no two of them touch one anotiier. The spangles 
*are attached firmly fo*the glass, by means of strong gum-water, and the 
\vb<»h' occn.siopi)lly ro||ered with a coating of lae varnish. The spangled 
lube, however, is«sometimes placed insj^e of anotlicr glass tube, which, 
when capiied^y iff’uss spheres at both ei^s, excludes all dirt and moisture 
in future. This method of fitting up these spangled tubes is, therefore, 
much preferable to that of using one tube with varnish only. When one 
eudtf'f tl(is apparatus is held in the band, and the other presented to the 
%h 11 of the (jonductor, a series*of sparks are seen traversing its surface 
between the spangles, and, consequents^', in the same sftiral line. 

Another form of apparatus for this purpose, is that of a long .strip of 
plate glass, on one side of which an arrangement of metal spangles, from 
one end fo the other, is fagjeiicct by means of gum-water, and the line 
of electric light displayed by the spark.*!, will vary with every variation in 
the arrangement of the spangles. The opposite side of the glass is usually 
varnished in bands of different colours, which vary the colour of the 
sparks accordingly with the colour of the medium through which they are 
sA’n. When a spiral urraiigeineiit of metallic spangles is placed on coloured 
glass tubes, such as blue,*purple, violet, &c., the sparks will assume differ- 
ent colours i^s they proceed from one. end to the other. They are perfectly 
•white whilst passing* along that side of the tube next to the spectator, 
byt will assume the colour of the tube at those parts of its route, which 
ar» behind it. The v^yictlfs of arrangements, or routes which the effectric 
fluid may 1^ made to assume, are almost endless in this class of experi- 
ments :^)ut I shall pursue tlJ^m no farther until I have made you acquainted 
with some other interesting facts. 

There are some curious circumstances connected with the electro-con- 
duction of bodies, which I did not mention whilst classifying them in our 
second l^^cturc. •They are these. •Those solid bodies which have been 
eullgd rton-conductors arcj^considered to be such, only whilst in a state of 
so^dity, pr whilst their parts arc in a certaiji state of aggregation. For 



SG l^lemeniavy Liccturea on l£lectvicitif. 

itistaitoo, glH;«s \v\}ilst solid and perfectly dry, is a non-eonducior ; but 
melted glass is a very good conductor. Crystals of several salts also 
possess the same faculties ; for although non-conductors whilst solid, they 
beoome conductors when in a state of fusion by heat. Green wood is a 
conductor of electricity, but baked wood is an insulator. If the baked 
wood be converted into charcoal, it is again an excellent contluctor ; but 
burn it to ashes and it loses the condmrtiiig /acuity. 

X (Will now show you a very satisfactory cxpcriineut on this point. You 
are already aware that a solid stick of se.'iling wax is a non-conductor ; 
but if we warm the some stick, so as to make it quite soft, and tlicn 
apply it to the cap of Hennet’s Electroscv^ne, whoj^e leaves arc already in 
a state of elcctro-divcrgciicy, you will soon find that the elccrric- uf‘ti»m 
liisappears, and tic gold leaves hang down close together. A i.ibe of 
glass presents us Mith a similar fact, for although a non-condnct<n' whil>t 
cold, it becomes a conductor by being made to uss'^me a ^high red heat : 
and better still when white hot,, » 

By taking advantage of tlicse./acts, an illustrative cjfperiinent has been 
established, whose etfcct is called the l^ectro-spinning f)l' sealing wax. I 
have a stout brass wire, vvliieh will just tit the bole in the end of the prime 
conductor of the machine. It is somewhat p<Mnted at the other •end, 
which is stuck into a short stick of soft sealing wax. When the wax ha> 
become bard and .?old it is no condiict*>r, but, as we have ulrcady seem, 
when melted, or even softened considerably, it becomes a conductor. I 
place this wire in the end of the prime conductor, and afterwards soften 
the wax by the dame of a spirit lamp; aii<l Ti 9 'V, whilst the machine is in 
operation, I hold a blank card in front of the softened sealing wax, and I 
find that a considerable quantity of tbe melted wax has been blown off 
from the wire, and is attached to the card in beautiful fine filaments, as 
soft and flexible as flocks of wool, or silk. "<By rc{)cating this experiment 
with several cjnrds, we have an opportunity of varying tBb arrangemenf of 
tbe fibrous wax in many ways. A great quantity may be colkurted upon 
the surface of one card, and placed in. a cabinet, as a curious production of 
this species of electric action. 

1 will now introduce to your notice another piece of Fig. 10. 
electrical apparatus, called the Leyden jar. li. is Repre- 
sented by Fig. 10. It consists of a glass jar, sometimes 
perfectly cylindrical, and sometimes of the shape shown 
in the figure ; but its shape is a mere matter of choice, 
for I shall have to show you very shortly, that a piece 
of flat window glass possesses the same powers as when 
ill the shape of a jftr, or of any vessel whatever ; butth« 
instrtimenl is more frequently used in the slijtl'C cd' a 
jar, as iti Fig. 10, than in any other. 
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riie Lt'Vden jar is lined with tinfoil from tlic bottoip to within about 
tvro in«dic.<^ and a half ol the top. Sonic persons have three or even four 
un lics of the upper part oi the jar tincovercd with the foil. Its outsde 
is also covered with tinfoil to the same heiprht as the liiiin^^. I'he foil 
may be stuck to tlie sm lace of tlie glass, either by means of gum water 
or by tliin i»ast('. The moutli^of the jar is furnished with a wooden cover 
\^liicb tits into the inside, u^id rests on the jar by means of a narrow 
projecting rim. wlii.'li forms fi shoulder. A stout brass wire passes through 
tin- centre of the covt^r, having a brass citain banging from Tts lower ex- 
tremit\ to the liottom of tiie jar, which is also covered with tinfoil, and 
^n <'onta<*t with the other part cjt the metallic lining. The upper part of 
the wire |»'oj(*cls two or three inches above the cover, and is surniounterl 
it h j* brass hall. > 

• It I present the ball the jar to the bull of the prime conductor, hav- 
ing bold of tlie ^Mmted^mrt of the jar with my band, a series of sparksare 
seen to pass bi'twe^n the two balls, from^tbe conductor to the inner siir- 
fa<‘e of till' gl^ss far ; but their size au^ fref(uency very soon diminisb, 
and eventually tlioy entirely disappear. When this happens, the jar is 
iru-apable of receiving any more fluid from the conductor, and is in that 
conjl,i;tion which we call <'harf/rfl. If now, whilst the jar is charged, any 
person were To touch the oulfide coating with one hand, and approach 
tile ball on the top of the wire with tlie other, he w#vi\d immediately 
exporienee a smart blow, or shock, which would affect him nu)r<^ or less 
aeem'dingly with tlie size of the jar. Tiiis elfeet is known by the name 
of KJet'frif: S/ioc/i, and is one iiietfiod of disebarging the jar. 

If, instead of om; per.son making the eommunicatioii between the out- 
side and insidt; tif the jar, a number of persons were to take liohl of 
hands, so as to form a chain from the person at one end in connexion with 
the outside of the jar, to ti^^persoii at the other end, who, by his hand, 
towelled the hall^it the top, the whole chain of persons would simultane- 
oiKsly receive the sliock ; Rut, in this case, the shock experit»nced by any 
individual, would be much feebler than if the same person were to 
dihseharge the jars himself from one hand* to the other. But if a chain of 
persons were to fake hold of a long wire, wfiieh reached from the outer 
coating of a charged jar^tt; t^e ball at its fop, t he glass would be more f ffec- 
tuully disehiSgcd fliau by tlie chain of persons alone, and they w'ould be 
entirely from tlie sbortc, showing that the. electric fluid prefers 

traversing the best conductors in the circuit, which, in this cas€J, was the 
metallic.jyire ; for, although a portion of the fluid passed through every 
person in the arrangement, the. cpiantity was .so small as scarcely po be 
productive of any j^cnsiblc effects. Ifcnce it is, that wo can discharge a 
jar with impunity tlirougli^n metallic rod. held in the band, having one ot 
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its extremities in ^connexion with thi* !niotullif coating', and bringing- the 
other extremity close to the brass ball. Any metallic wire employed h>r 
that purpose, is called a discharffint/ rotif. 


Prize Volumes of the Annah 'if J^lectricitf/f 

T^e Prizes offered for volume seven, will be awarded to the successful 
competitors on the following subjects ; — 

1st, — For a description, with drawings, of the n>t)‘it powerful electro- 
magnet, exceeding a power of two tons, x, The iron may be of any shape 
or size, but is to be in one piece, and the arniaturc also in piece. 
The power signified is the power of sustaining a load l)y the fjitce of 
attraction, whilst the magnet and armature are in close contact with 
each other. It is expected that the battery i‘mpk>,yed wi)] he described. 

2nd. — For a description of the most powerful eomptr nd cle<*t ro-magnet, 
above a power of two tons. Conditions as in the tirsf. ‘”' 

,3rd. — For a voltaic battery of ten pairs, of the greatest decomposing 
power of acidulated water, with the least cost, including prim ofi*attvri/, 
cost of eJi-citinp liquid, and time, necessary to keep it in good action..*. In 
short, the most economi(ral battery for uecomposing water for one hou 
continuously, wi»/hout change of irxeiting li([ii id. The metals to expose 
not less than eighty square inches to the exciting Ihpiid, and to he dis- 
tributed in any manner the experimenter thinks proper. 

4tli For the best code of theoretical laws for the explanation of the 

production of &eco7idary. tertiary, &c. Electric currents, with examples 
of application. 

5th For the best set of experiments on the subject of atmospberic 

electrical waves ; with a description of thcfs|effects during the exhibition 
of lightning. The experiments are at the option of tin? competitors, but 
are expected to be made with very elevated cdnductors, either by means 
of a kite, balloon, tall buildings, or Qtherwise. 

(Ith. -For the best paper on any novel experimental results in airy- 
branch of electricity or magnetism. ^ 

TVie Prize for each of the above subjects liiU Ue volume seven of the 
“ Annals of Electricity, Magnetism, Chemistry, &,c.,’’ boulid and gold- 
lettered in the first rate style, with a suitable emblem and moyto. To 
be presented to the successful candidates, or to their agents, (in London, 
if required,) on tlie first day of February, 1842. The communications 
to bq made on or before the lOtb cf December, 1841. 
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are others, which I shall shortly have to notice, wherein the difier- 
eiihe of the electrical condition #f bodies is not so easily illustrated 
independently of direct experiment. I shall presently have to 
show yon that two distinct metallic bodies in their natural electric 
cal condition j arc? very far from being in one and the same electrical 
'condition : and I will further observe, in this place, tha^ not only 
ai^ the various substances ^constituting the body of tlie earth in 
diflferent electrical conditions : but that, di/Terent parm of 

the same body arc also differently electrical. • 

1 liave long entertained this view of the electrical condition of 
bpdies when surrounded by enable electrical pressures, or when 
they are in, what Franklin caned, their natural electric states : and 
I will leaci you through a series of eyjieriments, as we proceed in 
these itcluros, that w^Jl prove to ypu that this v*ew is a correct v 
oflc, as far, at least, as those bodies on which we operate, are capa- 
«ble of rendering us necessary information. 

Wo will now pr#ceed to an experiment which will not produce 
very salisfaotc#v insults, unless we avgil oursevles of the advan- 
^tages afforded’ by the condenser. Wc will take two metallic discs, 
erne of which is copper and the other zinc ; they may be about six 
inches diameter, and each furnished with a glass handle in manner 
of tlfef coV(?r (j 4» the eieclvophojus ; and their opjtosiie sides should 
^ be’ perfectly flat, so that when placed together, as sl^own in tig. 8, 
those surfaces may be in contact througllV zc Fig. 8 • 

out. Let us now bring the moveable 
plate 8, of the condenser, into contact 
with the filled plate P, fig. 7, and after- 
wards separate them a litll^ so that we 
can just Sec between them, and no more : 
which is best done by having a sheet of 
while paper lying on the ta^ on the 
opposite side of the eloctros<^>e to that 
on rtdiich you are^standing. We have 

now an exceedingly thin ^late of air between the two plates of the 
«8ondenser, w’hieli will afford great facility for their polarization by 
a fgpble elcctnc force.% 

The electroscope with its condenser, ami the zinc and copper 
their dry and warii handles *being now ready we vrill 
proceed to tli^e experinTefit,'’which is to sliow that the zinc and 
copper, thou^i each*in its^ natural electric condition, are not in 
and fhe electric condition : but that the copper is 

positively electrical with respect to the zinc, and that by their 
kimple cotitact alone, the copper will communicate to the zinc 
a portion of its natural share of the electric fluid, so that the 
zinc^ihal] become positively electrieal and the copjier negatively 
^ectrical ; •hot only with regard to each other, but with regard 
•to all ^surrounding bodils which are in their natural electric 
state. * • . • 




538 


Elementary Eecturcs on Eleciticiiy, 

. ♦ 

I now place the copper plate 6 f>on the ]>alm of my left hand 
with its smooth flat face upwards ; and w’ith my right I talfe 
up the zinc plate by its glass hanfile^ and place it on the face of 
the copper one. 1 now separate the plates suddenly, anti touch 
the cap of the electroscope w'ith the zinc one, by whicli means 
I communicate a feeble electric force to the instrument. I bring 
the plate into contact with the coppef one as before, and agaijri 
separate them suddenly and commufticate another portion of 
elecftric force to the electroscope ; anti l>y proceeding in tliis 
manner for about half a dozen times, I lay down the two discs 
and withdraw the plate S of the condensor and the gold leaves 
immediately diverge ; in consequeiv,ce of the electric fluitl wliicH 
w’as condensed in the plate P, whilst the plate S w^as ciose to 't, 
being now nearly equally distributed over the whole < 4 f the 
metal in connexion \Yith P : and as the goVl leaves are portions 
of that metal, they receive their portion of the electric action 
and are repelled from each other accord ingl 5 - ^ 

Our next business is to Ascertain w liat kind ^*f electric action 
is possessed by the electroscope, and it is found to lie ])08itive, 
whether we test it by a negatively ,^r by a positively electrized 
body. I am very anxious that the facts which tliis experiment 
develope should be very w ell understood ; because I am iv^ell 
awate that many jiersons fail in jiroducing any thectric action 
whatever by tljvese means, others absolutely doubt the fact 
altogether. It was first shown by the celebrated M. Volta, and 
was tlie foundation of all that sound plnlost»phical train of rea- 
soning which led that eminent electrician to the inve;rition anti 
formation of the most formidable souit.'e of electric action tliat 
has hitherto been placed in the hands of philosophers, viz., the 
Voltaic battery, an implement of research which so justly 
bears his name, and by wbich the piost imjiortant discoveries 
in this branch of science have been 

We w ill now vary the experiment by placing tlie zinc th’sc 
on the hand, and with the other takifig hold of the glass 
handle of the copper disc. But we must first adjust the 
plate S of the condensor to its proper distance from the plate 
Having now brought the face of the copper disc into contact 
with the face of the zinc one, I again separate them quickly 
touch the cap of the elec*tr<iscope wit^j* ufo copper di^*, and aller 
repeating this operation a few times * befor^, we slfall find tliat 
the gold leaves diverge as soon as tfie pflate S is withdraliin from 
the plate P, and by testing in the usual way, we find that the 
gold leaves are negatively electric ; proving all that I^;iid, be- 
fore we performed tlie experiment, respecting the development 
of electricity by the simple coptact of metals : and that they ^re, 
naturally, in diBerent electric states. It is in\he investigation 
of these beautiful electrical niceties that f 'e discover the superior 
penetrating genious of the genuine electrician, and distinguish 
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the philosopher from the mer^ iterant experim#iter. The word 
^LTA, will ever remain associated with the eTectrophorous, the 
•condenser, and the famous battery which J»“ears his illustrious 
name : and will be venerated by the electrician till this beauttful 
branch of science shall cease to be known. 

When an electroscope im not furnished with a permanent con- 
flcnser, the <>pen hand hi^ld near the cap of the instrument will 
answer veiw well for many purposes. In this position ihe^and 
becomes alsul)stitute for the uninsulated plate, Jihd the flat 
horizontal disc which is insulated by the glass tiil>c, in Singer's 
^unproved electroscope, forijfc the other. I will now show you 
an experiment which will convince you of the usefulness of the 
hand in^this capacity. 

^ I will take t(ie^ c<^’er of the eleatrophorous by its glass handle, 
and give the metallic disc a gentle rub on the table cloth or on 
the sleeve otmiy c^it ; Mid whilst the other hand is held over 
the insulated di*‘ of the clcc<.»*osco[ie I will touch that disc with 
the cxcited%ov?r of the electro]>ln4;’ous, and immediately take 
it awniy agaii^ I'he communicated electric action is very feeble, 
and the goki Ics-ives will scarcely diverge: but now, that I take 
aw'ay my hand, you will obser^’e that they separate to a consi- 
detSblc extunt. This is precisely the result that we should 
Tibtaiii were wc to use the metallic condeusor : and in those 
delicate cases where the electric ^^t’ on is too feeble to deflect 
the goWl leaves by one single contact of the excited body, we 
have only to repeat these feeble units of electric force, fora few 
times, a? in the experiment with Volta's copper and zinc discs, 
and the sum of the feelrle electric increments of force, collected 
whilst the Iiand is present, will be sufficient to diverge the gold 
leaves Avhen it is withdrawn from the vicinity of the insulated 
di^c of the,electro9Cope.^<* 1 stand on a stool with glass legs, 
or be insulated by any «mer means, my hand has still the same 
kind of influerfce,"thou|ph in a less degree than when uninsulated. 

f There is another method of showing the influence of vicinal un- 
insulated Ifodies, wjiich I will nbw point out to you. Let us com- 
municate, in the usual way, either kind, of electric action to the 
•l^ctroscope whilst unfurnished ’Sijith a condenser. The^old 
leawes diverge and veffiSio divergei^ when the electrized nody 
is withdralfe, I now bjj^ my open hand over, and parallel 
to, trf^insumted Slisc d(rl|b electroscope. You will observe 
that the divergency lessens as my hand approaches the disc, 
and when it is sufficiently near the gold leaves collapse and hang 
togetb^ Kut on withdrawing my hand gently, the divergency 
agai n commences, and grad uallj^ becomes greater till the nand 
iCTemowed fr onf the S})here of action, when tifb divergency is 
nearly the same as at ^st. Similar ])henomena are produced 
by^nsulatcd plates of metal, though in a minor degree. 
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This is a beatitiful experiment,' and conveys ' a great deal of 
information M'hic^ we ought to avail ourselves of in all those 
electroscopic inquJ^ies in which* the electric action is to he 
tested, aitd the electric action of the testing body are of 
difterent degrees of tension. Let me give you an experi- 
ment in illustration. I excite a feeble electric action in 
Volta's copper disc, by rubbing against the sleeve ofi 
my coat, and I communicate a portion *of this electric action to 
the Metroscope, and the gold leaves are observeef to diverge 
slightly, 'file electricity is negative. I now excite the tin 
plate, of the electvophorus, to a corx-iderable degree of poAver, 
by rubbing it on the fur side of a rabbit-skin ; and it will * 
be observed, w'hen I bring this tin disc over the cap* ot the 
electroscope, the divergency of its gold leaves increases 
to a great extent. Being satisfied Avith thic result, let us now » 
reverse the process, by f rst communicating a pow'erful electro-^ 
scopic action to the gold leaves, from the excised tin disc, and 
afterwards bringing the feebly excited copper jili^ie over the face 
of the insulated disc of the electroscope. Now, although you 
are aware, by the former experiment, |^al both discs are in the 
same electric condition, (negative ) with relerence to the unin- 
sulated group of things about the table, yet as they are positive 
and negative with regard to each other, the diverg^ijcy ©f the « 
gold leaves diminishes by the^jproach of the copper disc, which 
.is the less tormidable electriz^ body of the two. Hence ex- 
perimenters ui^cquainted with this curious fact would he almost 
sure to be led into error from the judications afforded ^by the 
electroscope. And as this, I believe, is^,he first time that sucli 
a circumstance has appeared in print, it isTiighly probable that 
wrong conclusions may have been drawn by some of those who 
have studied these nice points of electric action. This interest- 
ing fact may be produced by one &^^ted disc onl>, — the till 
disc for instance. First, excite it on tne fur to ^considerably 
degree, and afterwards communicate a portion of its electric 
action to the electroscope. Again excite it very feebly, and 
then bring it over, and parallel to> the disc of the electroscope. 
The divergency of the gold leaves will diminfsh, and when 
experiment is dexterously performed the divergency will by ^ 
compktely annihilated, until the feebly yjt<;tijzed plate be with- 
drawn from the vicinity of tlffe other. ^ 


. ERRATUM f^ WECTTJRE 5. 

Page 254, lia0 10, introduce ^ prodnees similar yflfectsfc ’ 








